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Chapter I. 
1. INTRODUCTION 
The flagellates that are to be discussed in this thesis 
/ belong to the genus Trichomonas Donne, ( 1836,1837). 
The trichomonads are flagellate protozoans which have more 
or less pear-shaped bodies. There is a definite cytostome, at 
least in some species, near the base of the anterior flagella 
on the right side. An axostyle is present, and also an 
undulating membrane with a marginal flagellum. The nucleus is 
of the vesicular type ( Hinshaw,l926, Allen,l936), with an 
endosome (=Karyosome) (Kudo,l947), and situated in the anterior 
region of the body. Anterior to the nucleus there is a simple 
or compound blepharoplast ( Powell,l936, Allen,l936, Grass'-
Faure,l939, Wenrich,l921). Under the undulating membrane a 
chromatic fibril, the costa, is situated along the edge of the 
flagellate. Parallel to the costa or around the nucleus deeply 
staining granules ( metachromatic granules) are found (Wenrich, 
1944a, 1944b,l949,1950, Kirby,l945). Between the costa and the 
nucleus, with special technique may be seen an osmiophilic 
structure, the parabasal body ( Janicki,l911, Alexeieff,l924, 
Wenrich,l921,1947, Kirby,l945). In addition, a crescent-
shaped structure at the extreme anterior end of the body, 
called the pelta, occurs in some species ( Kirby,l945, Wenrich 
and Saxe,l950). The pelta can be revealed only with the silver 
i pregnation technique ( Bodian,l937, Cole and Day,l940, Kirby, 
1945). Reproduction occurs by binary longitudinal fission with 
mitosis in the nucleus ( Kofoid-Swezy,l915, Wenrich,l921, 
i 
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Hinshaw,l926, Bishop,l931, Bland,l932), and an extranuclear 
spindle, the paradesmcse, appea~s. Encystment occurs in the 
species of trichomons.ds that will be described in the following 
pages. 
The trichomonads are widely distributed in vertebrates 
and certain invertebrates ( Kirby,l947, Wenrich,l94?). lf18n 
harbors three species of trichomonsds: Trichomonas hominis 
Davaine, (1860), in the large intestine, non-pathor:.,·Emic; 
T. elongata Steinberg, ( 1862), in the mouth, non-pathogenic; 
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and T. vaginalis Donne, ( 1836,183?), in the vagina and in 
man's urethra, apparently pathogenic ( Nackie, et al,l954, 
fJ.'russel,l94?). Some species are pathogenic for d.omestic 
animals. T. gallinae (= columbae) Revolta, 1878), is 
r.JE;tho[2'enic in tl:e anterior digestive tract of pip: eons 
(Stabler, 194?), T. gallinarum Y~rtin-Robertson, ( 1911), 
occurs in the caeca of chickens and turkeys and in the liver 
of turkeys ( Allen,l936,1938,1941). T. foetus Riedmuller, 
( 1928) is a parasite of the genital tract of cattle ( Iviorgan, 
194?). It appears to be the most pathogenic species, causing 
early abortion in pregnant cov·iS. 
The trichomonads of labor2tory animals because of' their 
enormous number may influence the experimental results in any 
given study. An experimental .anirral such as the golden hamster, 
Ivlesocricetus auratus ~~aterhouse, ( 1839), well fitted for many 
important biological experiiTtents because of its s.r.atomical 
structure, must be in good health and free of any pathogenic 
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or potential patholenic agents. 
A prodigious amount of work on the flagellates of rodents 
concerning their morphology, biology, and clRssification has 
been done. A few investigations on the entire parasitic fauna 
of the golden hamster have been recorded in the literature. 
The trichomonads have been especially investigated by Wantland 
( 1955,1956), concerning their morphology and destruction by 
means of chemotherapeutic agents and particularly with a high 
protein diet. It is obvious now, that a correlated study of 
the morphology, pathogenicity, transmission, and chemotherapy 
of the intestinal trichomonads of the golden hamster would be 
extremely desirable. 
2. PURPOSE 
It is the purpose of this thesis to present a description 
of the intestinal trichomonads of golden hamster, with special 
reference to their morphology, biology, culture in artificial 
media, pathogenicity, and destruction of these potentially 
pathogenic parasites with chemotherapeutic agents in vitro 
and in vivo. 
J. f•1ATERIALS AND f.1ETHODS 
A study in 298 golden hamsters, all from the Golden Nugget 
Hamstery, Maynard, Mass., or their descendants, has revealed 
an incidence of 100% of trichomonads in the digestive tract, 
particularly in the caecum. 
The hamsters used in these experiments were from l day to 
1.5 years old and weighed approximately 10 to 140 grams. They 
were maintained on Purina chow diet, and kept in single or 
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double wire cBges. 
I~ny di~ferent culture media have been employed, such 
as: tryptic digested broth, Cleveland's liver infusion agar 
overlaid with serum saline ( Cleveland and Collier,l930), 
Locke's solution and human serum, Locke's solution and egg 
albumin, Boeck-Drbohlav' s egg medium, 0.1 ~er cent a.gar and 
0.5 per cent dried blood serum, dextrose broth and human 
serum, gastric mucin, Loeff~er's cried blood se~um in Ringer's 
modified solution, dextrose, maltose, lactose, and sucrose 
broth in modified Ringer's solution, Rnd v:=rious modifications 
of these. 
The most consistently successful results, have been 
obtained with the gastric mucin, Loeffler's dried blood serum 
in modified Ringer's solution, and modifications of this 
medium. 
The culture medium WP s prepared_ in the following manner: 
0.2 per cent gastric mucin, recommended as a nutrient by 
Ratcliffe ( 1934), and Wenrich ( 1946), and 0.2 per cent 
Difco Loeffler's dried blood serum, vrere dlssolved in a slight 
modification of Drbohlav's ( 1925) modified 11inger's solution, 
which w.<3 s prepared as follows: 
Sodium Chloride ( NaCl) ••••••••••• 6.5 p:ran_s (instead 6. 0 grams 
as Drbohlav proposed). 
Potassium Chloride ( KCl) ••••••••• O.l gram 
Calcium Chloride ( C8Cl')) ••..••••• 0. :'.. €:re rr: 
Sodium Bicarbonate ( NaHC03) •••••• 0.1 gram 
Distilled water ( H20) ••••••••• 1000.0 cc. 
The gastric I!1ucin \'!as first dissolved by heating the modified 
Hinger's solution, Then the solution was allowed to cool to 
iv 
approximately 45°C., and the Loeffler's dried blood serum was 
dissolved with constant stirring. In order to form a column 
tall enough to produce aY.lB erob:tc conditions at the bottom, 
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about 12 cc. of this medium was placed in ordinary bacteriological 
tubes, which were plugged with non-absorbent cotton. The tubes 
were autoclaved for 15 minutes at 15 pounds pressure ( 121°C). 
The pH, as determined with a Beckman pH meter, \'Vith a glass 
electrode, and colorimetrically with bromthymol blue and cresol 
red, was approximately ?.8 after sterilization. The modified 
Ringer's solution employed had a pH of about 8. No adjustment 
of pH was necessary. 
The Loeffler's dried blood serum used in a concentration 
of 0.5 per cent in modified Ringer's solution l'ras prepared as 
described above. 
Inoculation of the cultures required no special technique. 
The animal, after being anesthetized with Nembutal, using 
0.15-0.20 cc. of the commercial solution intraperitoneally, was 
laparotomied. After opening the caecum a small amount of the 
caecal contents was removed by means of a bacteriological loop 
or wood applicator. Culture tubes were then inoculated and 
placed in an incubator set at 320 to JJOC. Several inoculated 
tubes were left at room temperature. After 24 hours, 48 hours, 
and 72 hours, a little of the sediment at the bottom of the 
tube was drawn out with a pipet, placed on a slide, covered 
with a cover slip,and examined for trichomonads. The super-
natant fluid in the tubes was also examined in order to determine 
whether trichomonads were to be found near the aerobic region. 
Anaerobic cultures were also prepared by sealing the tubes 
with melted paraffin or by adding 0.1 per cent to the gastric 
mucin-Loeffler 1 s dried blood serum in order to increase the 
density of the culture medium. 
In order to determine whether or not the ha1nsters were 
infected with trichomonads, several procedures were utilized. 
It was observed that when the hamsters were taken from their 
cages and placed in foreign cages, they passed several fecal 
pellets. Pellets were also taken from excited hamsters held 
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by the neck. The parasites weredetected by direct microscopical 
examination of the last pellet passed or by its culture in 
gastric mucin-Loeffler's dried blood serum. The reason for 
examining the last pellet was based upon serial examination of 
the pellets passed by 20 hamsters, in which the vegetative form 
of the flagellates was more frequent in the last pellet than 
in the earlier ones. Data, however, published by Hegner and 
Eskridge ( 19J5a), who used a large number of rats, and also 
my observations, indicate that the pellet nearest the nnus 
containing only round corpuscles is as successful as that 
nearest the caecum for the coproculture of hamster trichomonads. 
In other cases a direct examination of the caecal contents was 
made after laparotomy. The best and the surest method was to 
kill the hamster and open the caecum and other ~arts of the 
gastrointestinal tract, and search the contents for flagellates 
under the microscope or by culture. This method was used in 
the detection of the infection in the hamsters that were treated 
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to determine whether or not complete eradication of the parasites 
had occurred. The laparotomied hamsters, after the inoculum 
was taken, were stitched and used for the chemotherapeutic 
experiments. About 100 hamsters were killed to investigate 
the entire digestive tract for the presence of trichomonads. 
It was found advantageous to make subcultures every 3 
days to prevent the overgrowth of the bacteria. For long-
term maintenance of the cultures, the subculturing was made 
every 6 days. In rrBking subcultures, about 0.2 to 0.5 cc. 
of sediment and fluid from the bottom of the culture tube was 
drawn up into a glass pipet and transferred to a fresh tube of 
medium. 
Bacteria-free cultures of trichomonElds were assured by 
adding to the culture medium penicillin, 10,000 to 20,000 units 
per 10 cc. of culture medium, and streptomycin, 50 to 100 
milligram per tube. The inoculum was about 1 cc. in each tube 
of a 72 hour culture. Bacteria-free cultures were also assured 
with 1 milligram terramycin per 10 cc. of culture medium and 
the inoculum was about 0.5 cc. of the sediment of a 72 hour 
culture. The bacterial-free cultures of trichomonads were 
odorless but the contaminated ones had an odor characteristic 
of the coliform organisms. Sterility was also tested by 
culturing in nutrient broth, nutrient ag-ar, and endose plates. 
In all cases no bacterial growth was observed. 
A number of fixing agents have been employed in the prep-
aration of stained slides, such as: methyl alcohol for semidried 
and dried smears, Schaudinn's fluid both with and without acetic 
acid, and Bouin 1 s fluid. Hethyl alcohol has given the best 
results for cytological details and for the demonstration of 
anterior flagella, costa, the marginal flagellum of the undu-
lating membrane and the position of the nucleus and blepharo-
plast, stained with Giemsa's stain •. Nethyl alcohol and Giema's 
stain have been employed throughout the investigation because 
of the simple procedure and the excellent staining of the 
chromatic material. Other techniques have been used for com-
parative studies. 
!1Jany investigators have commented on the difficulty of 
obtaining well-stained preparations of trichomonads. The main 
difficulty seemed to lie in fixation. 11y best results have been 
obtained by use of the following procedure for fixative fluids 
which had to be warmed. A glass rod, bent into the shape of 
a U, was placed in the bottom of a pyrex Petri d.ish. This dish 
was then filled with the fixative solution and heat(;d to 4.50 to 
60°C. Slides were thoroughly cleaned with alcohol and then 
flamed. A small drop of caecal contents or a drop from the 
culture sediment was placed on the slide and spread into a 
thin film with a second slide in the way in which ordinary 
blood smears are made. The slide was immediately placed on 
glass rod support in the heated fixing fluid, the source of 
heat was then removed, and the slide was allowed to remain in 
place for 30 minutes. 
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Several stains have been used following fixation. Of these, 
Delafield's hematoxylin after fixation in Bouin's fluid, and 
Giemsa's stain, after fixation in methyl alcohol have proved to 
be most useful. The hematoxylin stain was used to show the 
minute cytologic detBils. Giemsa's stain has been useful 
chiefly for showing the flagella and the costa, but it has 
also been used for study of the nucleus or other finer struct-
ures. On the whole the best preparations have been secured 
with films made directly from caecal contents dissolved in 
modified Ringer's solution, sernidried or dried in the incubator 
at 32°C., and then fixed in methyl alcohol and stained '1-·Jith 
Giemsa's stain. Good slides have also been obtained from 
culture rraterial. It has been found necessary to make a l.grge 
number of slides in order to obtain a few optimal preparations. 
Only perfectly fixed and perfectly stained slides are of much 
value for accurate morphologic studies of such delicate uni-
cellular organisms as the intestinal trichomonads of the 
golden hamster. 
Population counts were rrade with a modification of the 
method that was en~ployed by Zavoiski (1954) for counting 
larger Protozoa. The modification consisted in reducing the 
size of the squares. The squares were ma.de small enough so 
that a whole square was visible under the high power of the 
microscope, or four squares under low power. The design was 
dra'\.\'11. et first on a paper in which the square side length was 
1/4 of centimeter. A photographic system was used to re-
produce the design on glass slides, at the sRn-e time reducing 
the original size four times. The final size of the squares 
was 1/16 sq. em. The samples from the culture were taken with 
1/4 cc. tuberculin syringe. The sample was diluted with sterile 
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culture meaium, shaken well, and spread on the squared slide. 
The computr; tion of trichomon:=>.ds 1nra s similar to the deter-
mination of the number of erythrocytes vrith a haemocytometer, 
with the exception that the trichomonad-computation is direct 
and alleviates the necessity of using a numerical factor to 
determine the total number. The trichomonads were in8ctivated 
with a dilute Lugol' s solution. Knmving the amount which was 
placed on the counting slide and the number of trichon1ona.ds 
that were contained in the drawn-out sample, the total number 
of tr1chomonc'1ds found in a given amount of culture medium was 
easily calculated. 
Population counts were also made with an ordinary 
haemocytometer counting chamber. After thorough rotation of 
the culture tubes, 0.5 co. samples ~,:ere v.rithd.rawn nnd were 
added to 0.5 co. of 1 per cent solution of formAldehyde. To 
this volume was added 4 cc. of modified Hinger's solution. 
After mixing thoroughly, a sample was withdrawn and Has 
pipetted under the coverglass of the haemocytometer. A 
count was made of all the organisms in each of the four 1 so. 
n~. sections, at the corners of the haemocytometer, and the 
average of these four readings was taken. The count per co. 
was obtained by multiplying this fi.o:ure by the tot8l dilution 
factor ( 10,000). The average of the cou_n.ts o: both sides 
of the haemocytometer ~ms taken as the final count. All 
counts were performed in duplicate. This last method was not 
so accurate but it was easy to handle ::Jnd rapid determim3tions 
were :rrede. 
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The resistance of these trichomonads to various chemical 
and physical agents has been tested. These included Lugol 
solution, 1:100; Lysol, 1:500; potassium permanganate, 1:4,000; 
silver nitrate, 1:50; mercuric chloride, 0.1 per cent; copper 
sulfate, 0.1 per cent; Carbarsone, Phenothiazine, Chiniofon, 
Enterovioform, penicillin, streptomycin, aureomycin, chloro-
mycetin, and terramycin. Most of these antiseptics are strong 
trichomonadicidal agents ~ vitro but not in vivo. 
Equal amounts of antiseptic and sediment at the bottom 
of the tube after 72 hour incubation were mixed on a slide and 
examined directly with the microscope. 
In vitro testing of the trichomonadicidal activity of 
chemical agents was as follows: the chemical to be tested was 
carefully weighed and dissolved in the culture medium. Some 
chemicals did not readily dissolve, enterovioform, in the 
medium or in the water, and in this case only in vivo tests 
were done. 
In setting up a series of dilu.tion, 10 tubes were always 
employed. To each ( with the exception of the first) was 
added 5 cc. of the culture medium. To the first tube with 
10 cc. of culture medium the carefully weighed chemical was 
added. The soliion was then \•lell mixed and 5 cc. transferred 
to the second tube, leaving 5 cc. of the culture medium with 
half the amount of the chemical to be tested in the first tube. 
The mixing and transferring of 5 cc. WF' s carried down through 
the ninth tube, from which 5 cc l'<Tas withdrawn a:nd discarded. 
The tenth tube, containing 10 cc. of culture medium was the 
xi 
control tube and received no material from the previous tubes. 
To the first nine tubes were added 5 cc. of the sterile culture 
medium usi!'l_g aseptic technique to prevent extraneous contam-
ination. In the first tube was placed twice the amount of the 
drug wnich was to be tested. 
To these tubes was added 1 cc. of the 72 hour culture of 
trichomonads, and the tubes were rolled between the palms of 
the hands to mix the contents. The tubes were incubated for 
24, 48, and 72 hours. The trichomonads were thus exposed to 
the action of the chemical in solution for this length of time. 
'VJhen incuba.tion was completed, a drop of the sediment 
at the bottom of the tube was drawn out and placed on a mic-
roscopic slide, covered with a cover slip, and examined under 
the low and high power. Readings were m~ode on the basis of 
finding motile trichomonads ( troptozoites). Computation of 
the numbers of trichomonads \'lith the haemocytometer were m"' de 
for each tube. 
In rrany cases, subcultures vtere ITBde from dilutiom of 
doubtful ~eadings ( questionable viability) by placing 1 cc. 
of the sediment at the bottom of each tube into fresh culture 
medium, incubating it for 72 hours, and examining it for 
surviving, culturable trichomonads. 
Carbarsone, Phenothiazine, Chinifon, Enterovioform, 
copper sulfate, Aureomycine, and Terramycin were tested in 
vivo. The water-soluble drugs v-1ere administered with a 
tuberculin syringe to which a paracentic needle 10 em long, 
the end of which was rounded, was attached. 1Hth this 
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oesophageal catheter the drugs in the exact dose were easily 
administered, while holding the hamster's neck with a glove 
to prevent accidents. The chemicals were also mixed 'i''i th 
Purina chOl'l powder which was moistened, and prepared in small 
dried balls. These were given to hamsters for a determined 
length of time. The drugs when mixed with the diet in this 
way were more EBsily administered. 
The resistance of the trichomonads to physical agents 
such as exposure to ultraviolet light, X-rays, and to high 
and low temperatures has been tested. The specific methods 
employed will be described in a later section of this thesis. 
The method of determining the thermal death point wa_s as 
follows: Inoculated tubes which had been incubated for 72 
hours, were placed in a water bath of a given temperature. 
Every minute the temperature of the culture 1/'ra s measured. 
Within 10 minutes the temperature of the fluid inside the tube 
was found to be equal to that of the water-bath. At the end 
of 10 minutes, the tubes were promptly removed and placed in 
an incubator. Their contents were examined every 24 hours for 
72 hours to determine the presence or absence of living 
flagellates. 
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Chapter II. 
THE TRICHOT;'IONAD SPECIES !IT THE INTESTINE OF GOLDEN HAT•!STER 
The systematic position of the trichomonads in the 
hierarchy of zoology, according to the present conception of 
biologists is as follows ( Hall,l95J): 
Phylum Protozoa (GOLDFUSS, 1820) 
Subphylum Plasmodroma (DOFLEIN, 1901) 
Class Mastigophora (DIESIUG, 1865) 
Subclass Zooma stigophora (CALKINS, 1909) 
Order Trichomonad ida (KIRBY, 1947) 
Family Trichomonadidae (vlENYON, 1926) 
Genus Trichomonas (DONNE, 1836) 
The following species of trichomonads are kno~n from the 
intestine of the golden hamster: 
1- Trichomonas muris ( Grassi,l879) Galli-Valerio,l907. 
History.- This species, the most common flagellate of the 
intestine of the golden hamster and other rodents, "t-~Tas first 
reported from mice by Grassi ( 1879a), who named it Monocer-
comonas muris. In 1881 he referred to it as Cimoenomonas 
muris. Wenyon ( 1907) reported this parasite from the 
intestine of mice, and Galli-Valerio, ( 1907) gave the name 
Trichomonas muris. The same organism has been reported from 
the field vole, Microtus arvalis, by Lavier ( 192lb), and 
from ground squirrels by Kirby and Honigberg ( 1949). From 
the golden hamster it was reported for the first time by 
1.Jenrich ( 19L~6). Morphology .!!! unstained nrenarations.-
Trichomonas muris is a colorless, thick, almost pear-8haped 
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organism. It is the largest intestinal species, measuring 
from 8 to 26 microns in length by 6 to 10 microns in width 
in wet smears, in wt-:ich the trichomongds were immobilized 
by adding a drop of Harris' Hematoxylin. It is actively 
motile, the motion being of a progressive character, and 
being due to the presence of the three anterior flagella. 
The marginal flagellum of the undulating membrane helps the 
rotation of the animal. The flagella move about from one 
side of the body to the other, performing sweeping movements 
very much like the action of a vfhip. The membrane is in con-
stant motion, while the anterior flagella a:':'e sweeping over 
the body, first on one side and then on the other. During 
this erratic swimming motion, the flagellate seems to rotete 
around the main longitudinal axis, with the unduJa ting mem-
brane appearing periodically on one side and then on the other 
side of the body. \Vhen the organism is actively motile, the 
flagella cannot be distinguished, but as the motility lessens 
they can be seen as very delicate, threa.d-like whips pro-
jecting from the anterior end ( the broad pole of the flag-
ellate). The undulating membrane then apuea'!'s as a series 
of cog-like projections at the periphe.ry of the body, this 
appearance being due to the fact that only the tips of the 
undulations of the marginal flagellum can be seen. The rrarg-
inal flagellum appears to be attached to the flagellate body 
along the edge of the undulating membr8ne but is free post-
eriorly, forming the long trailing flag·ellum. Extending 
through the middle of the body from the anterior to the 
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posterior end there is a hyaline rod-like body, known as the 
axostyle, which forms a pointed tail at the posterior extremity 
of the body. With the elastic, sticky axostyle the parasites 
attach themselves to the debris and while they are firmly 
fixed feed upon bacteria and other food !)2rtlcles. By whip-
like ffiOVements of the anterior flagella food particles are 
brought to the base of these flagella. Then they are ingested 
through an opening of the cell membrc:ne l'rhich is found on the 
anterior end of the body. The opening on the cell membrane 
is not visible unless the animal ingests bacteria or other 
fcod particles. The axostyle appears to be a very elastic 
structure because it follows eastly the bendings of the 
flagellate body. The trichomoneds rney form stars c·r rosettes 
by several of them attaching by means of their t.gils. 
The nucleus might be seen as an oval structure at the 
anterior rep.-ion of the fla~ellate. Within the cytoplasm can 
be easily seen the ingested bacteria and other food particles. 
l1orphology in stained prenarations.- The morphology of 
T. muris (Fig.l.) in preparations fixed with methyl alcohol 
for 20 minutes and stained with Giemsa's stain for 2 hours, 
is very characteristic. The larrre body is pe~;r-shaped and 
somewhat bent to one side. In smears stained "t•rlth Lugol' s 
solution t!1e thick plasma membr.ane, ste.ined deep black, can 
easily be seen. The oval nucleus is situated in the anterior 
region of the body. It has a well-defined merPbrane And the 
chromatin is scattered in the form of fine granules throughout 
the nuclear substance. A cent~al k2ryosome stained black with 
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hematoxylin TIEY be visible. Just Anterior to the nucleus 
there is a spherical body stained deep pink ( two granules 
according to Wenyon,l926) represents the blepharoplast. In 
pictures by the electron microscope ( Anderson,l955, Anderson 
and Beams,l959) the blepharoplast appeared as e. thick, solid 
mass. From this the three anterior flagella, relAtively short 
and thick, arise. 
Arising from the blepharoplast is an undulating membrane 
with five to six undulations. The only portion of this mem-
brane that stains deep red with Giemsa'r stain is the marginal 
flagellum, which is prolonged posteriorly as a long free 
flagellum. This flagellum actually seems to be composed of 
two flagella ( Fig. 6) between which an unstained area can 
be seen. The outer marginal flagellum continues as the 
posterior trailing flagellum while inner one ends where the 
outer becomes free from the flagellate. 
The axostyle that arises from the blepharoplast at the 
anterior end of the organism, is broad, hyaline, and slightly 
stained along the edges. The center is unstained and may 
contain some metachromatic granules ( endoaxostylar grAnules }. 
In the region of the nucleus before entering into the bleph-
aroplast the axostyle is swollen and forms the so-called 
capitulum of the axostyle, with the nucleus aprearing to be 
embedded partially in it. The posterior part of the axostyle 
projects slightly from the body and forms the so-c2lJ.ed tail 
of tr..e trichomonad. In Giemsa-stained preparations there is a 
broad granular chromatic ring, near the emergence of the tail 
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Figure 1.- Photomicrograph of cctmere lucida drawing of 
Giemsa stained specimen of Trichomonas muris. 
5 
:::1. 
0 
-
6 
from the body. The tail of the flagellate is always deeply 
stained. The blepharoplastic portion of the axostyle according 
to Samuels ( 1957) prevents emergence of the flagella) at 
the extreme anterior end of the animal. 
The costa is heavy, thick, as long as the body lying 
next to the cell membrane of the flagellate, and appears to 
be composed of two thin flagella. 
According to vJenrich ( 1921) a thick rod-or club-shaped 
para basal body can be seen retween the nucleus and the costa. 
This structure was first seen by Janicki ( 1911) in Calonympha 
grassii, and T. batrachorum, and by Alexeieff ( 1924) in T. 
augusta. Wenrich detected the parabasal body in the cyto-
plasm, after fixation in weak Flerr!lTiing 1 s or picroformal 
Bouin 1 s solutions without acetic acid, and stained 1d th 
hematoxylin. Two techniques were emplcyed by me, one, Bouin 1 s 
followed by hematoxylin, the other, Giemsa 1 s stain after 
methyl alcohol fixation. The nucleus, blepharoplast, axostyle, 
costa, and flagella are stained very well with Giemsa stain. 
The parabasal body in Giemsa-stained smears apreers as a thin 
granular fibril, originating from the blepharoplast. 
Heavy metachromtic granules are located along the costa 
and around the nucleus. Alexeieff ( 1924) considered them as 
mitochondria, but Buttrey ( 1954) considered these paracostal 
granules as ~~ste metabolic products. 
2- Trichomonas wenyoni Wenrich, 1946. 
History.- This flagellate was first reported as T. parva by 
Alexeieff ( 1911) from certain rodents. r1tJenrich ( 1924, 193!0) 
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reported T. perva from white and gray Norway rats but 
expressed doubt thst this was actually diPferent from 
T. hominis. Later Simic ( 1933), and I1orenas ( 1938) found 
also that T. p8rva was identical 1.·.1ith the T. hominis. In 
1946 'Vlenrich proposed the name T. wenyoni for a trichomonad 
from the golden hamster, and recognized ~. parva as identical 
with '1\ hominis. Although Wenrich ( 1946) swallowed a 10 cc. 
culture isolated from the intestine of the golden hamster and 
recovered trichomonads by culture a fev; days later from his 
feces, he did not have any abnormal disease symptoms. This 
species is very adaptsble to diffe:rent envrionme:nts. 
Morphology in unstained preparations.- T. wenyoni i2 a color-
less, very refractile irref~lar pear-shaped org8nism, 
measuring from 6 to 16 microns in length by 2.5 to 6 microns 
in width. In trichomonads immobilized with iodine solution 
the cytoplasm appears yellowish with a relatively thick cell 
membrane. They are actively motile ana the motion is an 
erratic swimming type. The anterior flaf-:ella, the undulating 
membrane, and the trailing flagellum can be only seen in 
slowly moving individuals. The nucleus and the hyaline 
axostyle are easily seen. The tail of the trichomonad ( free 
portion of the axostyle) is very long and easily sepP~rates 
this flagellate from the previcus species. Bacteria and 
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other food particles may be seen in the refractile cytoplasm. 
Morphology in stained preparations.- The study of the morphology 
of this flagellate was made in slides fixed with methyl alcohol 
and stained ·with Giemsa 's stain as Has described in the prev-
ious pages. 
The flagellate has an irrefUlGr lemon or pear-shaped 
body. (Fig. 2) The .anterior flagella, three in number, 
arising from the anterior end of the blepharoplast, as a 
rule adhere at their bases for a short distance before 
becoming free from each other. (Fig. ?) The flagella are 
relatively short, not more than the body length. In 
protargol preparations ( vJenrich,l949) each nL8Y show a 
slight swelling at the tip. I observed distinct spherical 
knobs at the end of each fl&gellum ir. methyl alcohol-fixed 
ond Giemsa-stained smears. 
The undulating membrane is usually about as long as 
the body with 3 to 5 undulations, with a characteristic 
appearance of spiral motion. The portion of the mrginal 
flagellum that is adherent to the undulating membrane 
appears to be somewhat thicker than that port which is free 
posteriorly. The posterior extension has a terminal knob-
like swelling like the anterior flagella. 
The costa is slender and obscure under the chroir.atic 
granules. The costa in dried smears and stained with Giemsa 
is very obvious. There are tvw zones of chromatic granules, 
the one closely associated with the costa and undulating 
membrane and the ether occupying a broad re.&"'ion mostly 
dorsal to and to the right cf the nucleus. 
The axostyle is compact and gradually tapering. No 
endoaxostylar granules 1r-rere observed. A chromatic ring at 
the point of the axostyle emergence posteriorly has been 
observed. The free portion of the axostyle varies considerably 
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in extent from less than one third to equal to the body length, 
and is deeply stained. 
The nucleus is in the anterior half of the body. It is 
very well seen in Giemsa preparations. It is round or oval, 
Gnd the chron:atin granules are usually homogeneously distri b-
uted but in some specimens are irregular. The cytoplasm is 
usually irregularly vacuolated and may contaln bacteria and 
other food particles. 
The blepharoplast is ple ced anteriorly and is relatively 
large, but is not at the anterior extremity of the body. It 
may reiP.ain unstained ( Kirby,l945) in protargol preparations. 
Hith the protein-silver technique ( 1-lenrich,l949) a :narrow 
crescent-shaped pelta is revealed at the most anterior portion 
of the body. It appears to arise from the blepharoplast 
extending forvrard, then curving backward in a crescent;ic 
manner. ~he center of the pelta is broader, but the ends 
become filamentous. In numerous smears stained with Giemsa 
stain such a structure has been observed in very few 
individuals in thj_s study. Hol'rever this does not preclude 
its existence in all trichorr:onads. A crescentic structure 
is visible but appears to be due to the capitulum of tl1e 
axostyle and the marginal flagellum of the undulating membrane. 
The parabasal body was reported by Wenrich ( 1949) in 
smears fixed with FleiP.rr"ing 1 s fluid and stained with Heiden-
hain's hematoxylin. It is located between the costa, arising 
from the blephsroplsst and proceeding posteriorly as a long 
fibril. Generally the parabasal body is a delicate structure 
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Figure 2.- Photomicrograph of camera lucida drawing of 
Giemf;a stained specimen of Trichomonas wenyoni. 
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very difficult to reveal. In well-prepared smears stained 
with Giemsa stain the pc:rabasal body 8ppears to be a scusage-
like body arising from the blepharoplBst. (Fig. 7) In some 
individuals it is obvious that such a structure represents 
the inner flagellum of the costa which is probably detached 
during the staining procedure, and moved imt~rard to1r-rsrd to 
the nucleus occupying the area of the parabasal body. The 
function of the parabasal body is still unknown, though 
controversial opinions in the literature recorded ( Alexeieff, 
I 1918,1927,1936, Duboscq and Grasse,l925). 
3- Trichomonas microti Wenrich and Saxe, 1950. 
History.- Trichomonas microti was obtained from the caecum 
of Nicrotus pennsylvanicus, and hence the name T. microti 
was proposed for it. It closely resembles Pentatrichornonas 
hominis, but the presence of the five anterior flagella in 
Pentatrichomonas hominis sepArates the two species. 
Horphology in unstained Dreparations.- The living flagellates 
as seen in contaminated culture media are lemon or pear-
shaped, less vigorous and less progressive than T. muris, 
and T. wenyoni. The swimming of the parasite seems to be 
more erratic than in 1· t-ienyoni. In the crystalline, 
refractile cytoplasm may be seen ingested bacteria and other 
food particles. 
l'lorphology in stained preparations.- The animal is small, 
lemon or pear-shaped. (Fig. 3) The length measured in stained 
smears ranges from 4 to 12 micronr:; in length by 2 to 4. 5 
microns in 1~:idth. Al1 the measurements were made with an 
ocular micrometer under oil immersion. 
The 4 anterior flagella arise from the anterior side 
of the small, round blepharoplast. The flagella are short 
and not very thick. The spherical blepharoplast is also the 
point of origin for the undulating membrane, costa ( chro-
mtic basal rod), axostyle, and parabasal body. A pelta is 
present in protargol preparations according to Wenrich and 
Saxe ( 1950), resembling that described for Pentatrichomgnas 
homtni! by Kirby ( 1945). 
The undulating memb~e is not very high, with 4 to 6 
undulations. The marginal flagellum continues as a posterior 
flagellum (Fig. J). 
The costa is relatively wide and as long as the body. 
The metachromtic granules, few 1n number, are located around 
the n~cleus. 
The axostyle is that of the general type of the 
trichomanads, broader antertarly, without endoaxostylar 
granules. The protruding portion of the axostyle is 
sharply pointed, and a long filamentous flagellum is found 
at the end of this pointed tail. A faint chromatic ring at 
the point of emergence posteriorly has been observed. 
The paraba.sal body is rod or Y-shaped and oa.n be 
revealed not only with special techniques. It is also 
obvious 1n some specimens stained with Giemsa stain ( Fig.J). 
The nucleus is anterior, round, and appears to be 
homogeneous. The cytoplasm often contains bacteria and 
other food particles, and generally appears vacuolated. 
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Figure 3.- Photomicrograph of camera lucida drawing of 
Giemsa stained specimen of Trichomonas microti. 
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4.- Trichomonas minuta Wenrich, 1924. 
History.- Trichomonas minuta is a common organism similar to 
T. muris but very much smaller, 3 to 8.5 microns long, and 
round or lemon-shaped. It has been reported from rats and 
mice, and takes its name from its small size. 1t/antland ( 1956) 
has found this species in the intestine of the golden hamster. 
Norphology in stained preparations.- Because of the small size 
it is impossible to see many details in wet s1r.ears. 
This organism in stained "!)repars.tions appears to be lemon 
or pear-shaped, (Fig. 4) measuring from 3 to 8.5 microns in 
length and 2 to 4 microns in width. 
The 3 shorter anterior flagella arise from the anterior 
side of the blepharoplast, and never adhere to each other at 
their bases. In some specimens the anterior flagella end in 
a knob-like structure, which stCJins as does the remaining 
part of the flagellum and the other structures of the 
trichomonad. The blepharoplast is round and deeply st2ined. 
The undulatinp- membrane has 2 to 3 undulations, arising 
as in the other trichomonads laterglly frcm the blepharoplast, 
and proceeding posteriorly. The undulatinf:' portion of the 
membrane adheres to the side of the flagellate body, then 
becomes free and continues as the posterior flagellum. 
The costa is slender and very obscure and ca.n be seen with 
difficluty. Along the costa a few metachromatic qrenules 
may be found. 
The axostyle is very broad, hyaline, with few endo-
axostyler g~anules. The anterior portj_on is very broad 
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and forms the so-called capitulum of the axostyle. The 
posterior protrusion of the axostyle is short. A chromatic 
ring is very obvious posteriorly at the point of the 
axostyle emergence. 
The oval or round nucleus is in the anterior region 
of the body. ·It appears to be embedded in the broad 
region of the axostyle. The chromatin material is homo-
geneously distributed throughout. 
The parabasal body is short and club-shaped according 
to Wantland ( 1956). 
5.- Trichomona. s Cricetus vlantland, 1956. 
History.- This organism was reported by Wantland ( 1955), 
but he first proposed the ne.me of the or,Q"anism in 1956. 
Morphology in unstained preparations.- Trichomonas cricetus 
is a narrow ( slender) flagellate. The cytoplasm is filled 
with bcwteria end other food particles. The body has a 
fusiform shape and the organism swims very actively. The 
flagella and other organelles can be seen only if the 
flagellate is in slow motion. The posterior portion of the 
body seems to hc:'ve a characteristic bulbar swelling. 
l·Jorphology in stained prepgrations.- Trichomonas cricetus 
(Fig. 5) has a slender, fusiform, or pear-shaped body, 
measuring 12 to 26 microns by 2 to 8 microns. 
The 3 relatively long anterior flagella arise from the 
anterior portion of the large bleph'?ropl8st. The blepharo-
plast is situated at the extreme a:nterior end of the 
flagei_late l1ody. 
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Figure 4.- Photomicrograph of camera lucidB drawing of 
Giemsa stained specimen of Trichomonas minuta. 
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The undulating membrane is as long as the body with 5 to 
7 undulations, and with its marginal flagellum becoming free 
posteriorly. 
The costa is thick, as long as the body, well seen 
along the edge of the body under the undulating membrane. 
There are numerous metachromatic granules along the costa. 
The axostyle is very broad without endoaxostylar granules. 
A chromatic ring is present at the point of emergence of the 
axostyle from the body. A bulbar expansion is easily 
distinguishable at the posteroior end of the body before the 
axostyle emerges. (Fig. 5a). The protruding portion of the 
axostyle is short. 
The oval elongated nucleus, is located in the anterior 
region of the body. The chromatin substance is homo-
geneously distributed throughout the nucleus. The parabasal 
body seen Nith hematoxylin stain, is relatively long and 
club-shaped, according to Wantland ( 1956). 
21 
Figure 5.- Photomicrograph of ca~era lucida drawing of 
Giemsa stained specimen of Trichomonas cricetus. 
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Figure 5a.- Photomicro~raph of Giemsa stained specimen 
of T. cricetus; note the bulbar expansion at the posterior end 
before the axostyle emerge, X 970 original. 
25 
• 
I 
! • 
/ 
... 
( ·~ 
i 
5a 
Figures 6 and 7 are photomicrographs of carr:era lucida 
drawings of Giemsa stained specimens. Fig. 6; note full 
body-length costa snd the two flagella of the marginal 
flagellum of the undulating merr.brane; Fig. 7; note the 
granular parabasal body and the two flagella of the costa. 
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Chapter III. 
REPRODUCTION 
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This chapter is not limted to the intestinal trichomonads 
of the golden hamster and other rodents, but is a general 
discussion of all members of the genus Trichomonas. 
Reproduction has been best studied in many details 1n 
large forms, because the small-sized flagellates shrink 
during the fixing and staining procedures making satisfactory 
observations very difficult. Most of the studies on the 
reproduction of these flagellates have been done on !· muris, 
!· batr~pporum, and !· vaginalis. I made observations on an 
axenic strain of !· vagipalis, in wet and in stained 
preparations. 
The trichomonads multiply by binary longitudinal 
fission with mitosis 1n the nucleus, and with the appearance 
of an extranuclear spindle. 
The flagellate which is going to divide becomes very 
much enlarged, almost twice as large as the normal vegetative 
form. The cell itself appears swollen and bell-shaped. The 
axostyle disappears,and only the protruding portion of the 
axostyle remains. There are many controversial opinions on the 
fate of the axostyle during the cell division. My conclusion 
agrees with the reports of Kuczynski ( 1914) and Wenrich (1921). 
Myftrst step during the cell division is the splitting 
of the blepharoplest into two daughter blepharoplasts. Each 
newly formed blepharoplast migrates laterally from the original 
position. They are connected by a fibrillar structDre. These 
These fibrils consist of the extranuclear spindle or 
parsdesmose '\olrhlch can be easily seen in stained f'reparations. 
'\l!hile the blepharoplasts migrate, the chrom.8.tin granules of 
the nucleus organizes into Li chronosomes, according to 
Powell ( 1936), a.nd each splits into t'·.ro sc that 4 pairs of 
chrorrosomes Day be seen. I did not observe individual 
chromosomes in my preparations. The nucleus enlar,cres and, 
wl1en the chrcr"osornal division is over, constricts to form two 
dauehter nuclei. Tlie cytokinesis starts from the broad 
anterior pole of tte fla~ellate. Two flarella go to each 
daughter cell and two nev·J fla!I'ella groN out of each blepharo-
plast to restore the full number of four. The entire 
disintegration of the four anterior flagella is possible and 
new flageLLa may arise from the new blephs roplasts. In 
stained preparations organisms with 8 flagella with one 
blepharoplast and two nuclei has been observed. The splitting 
of the cell proceeds along the longitudinal axis of the 
animal, the flap::elJ.ate is inactive, a.nd is fastenec1. to the 
debris of the culture media by megns of the tail. Flap-ellates 
in the process of cytokinesis have been observed irregul2rly 
moving in the rr.icroscopic field. 
The undulating n1embrane, costg, and psrabasal body p:o 
with one daughter cell Pnd similar structures grow out from the 
other blepharoplast. A new axostyle is fo:>:'med fro:rr. each 
blepharoT)last during the 8naphase-telop>~.sse step-e. As the 
cytoplasmic division proceeds, the two still united cells 
start to perform local movements by means of the newly formed 
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flagella. This motion speeds up the cytokinesis. The whole 
process lasts r:r.ore than 2 hours under the microsco2Je in wet 
smears. Multiple fission forms have been seen with four and 
eight nuclei and equal number sets of flagella are associated 
with such organisms. 
The above described mechanism is 8lso v2lid for T. muris, 
and other trichon:onads. The only dif"'erence is in the number 
of chromosomes, a specific difference. Wenyon ( 1907) 
reported 6 chromosomes for!_. nup:is, but Kofoid and Swezy 
( l915a) gave the number as 5, and Kuczynski ( 1918) as 8. 
vJenrich ( 1921) has published a very cle~~r accr11.nt of the 
division st8ges of T. mu~is, and has shov-rn that there are 
actuall;t 6 chromosomes. \·:enrich ( 1924) concluded thst 
there are 3 chromosomes in T. minuta. 
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Chapter IV. 
THE ~UESTI01, OF CYST FORii~ATIO~ AND T"lPd'JSfHSSION. 
A definite knm.>Jledge of cyst formation by tricho'>:onocls 
in g:erleral, 8.nd p:;rticularly by the intestinal trichoP-J.onads, 
would be of considerable significance. It not only would 
provide some expl~nation of cer·te in epic1enJ_ologic puzzles but 
would have considerable irr,portance from the point of view of 
chemotherapy. Consider8ble difference of opinion exists 
among parasitologists ( Dobell,l909, Brug,l917, Hevner,1926, 
~!e11.yon, 1926, Hf:f:ner, Root, Augv.stine, end Euff, 1933, ·Henrich 
and Yanoff,1927, G1'Jelessiany,l929, Eandoul, Pautrizel and 
Dazgelos,l946, Chandler,l952, and T.fant1Fmd,l956) with 
reference to cyst forw.ation by trichor~onac1s. 
I was able to induce cyst formation artificially by 
placing the vegetative forms in hypotcnie r1civt ::.o:::::.r of sodium 
chloric~e or in pure distilled water ( unfavorable envrionment). 
The trophozoites at first becarr;e more active, then all the 
movements gradually slm.;ed dm"n anc. fina llJr a few S})8 srnodic 
local circulP.r movements by means of the undul"l.ti:np- membrane 
enveloped the posterior part of the body snd the axostyle, 
resulting ir: 8 spherical body. 
Gradual drying will definitely kill the vegetative forms, 
but they vrill keep their pear sh8pes. In orcleL' to 'i'"Y the 
smears, wet srr;esrs were kent iri the incubator at 32 to 33°C, 
then fixed and stained. In such preparations no spherical 
bodies, but the regular trophozoite shares have been observed~ 
The gradual absorbtion of water and sodium chlorid_e in the 
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lar,o:e intestine induces the i'crrr..at:ion of the round bodies. 
In excited hamste:::-s the last nellets that were obtained :;lways 
contained some motile forms. T~1ese pellets vre:-e always 
scfter than the first ones. I have also observed that ·when 
the hamsters were fed with bread soaked in sa ture ted magnesium 
sulfate solv.tion, the pellets obtained "'re,..e soft and. contained 
motile trichorwnads. When these spherical bodies were st:;ined 
with Giemsa' s sto in, tl:e nucleus, blenhe rople :.:t, the r.csta, 
and the undulating membrane ( marginal flap_-ellum 11r'Lth 
undulations) could be eec-·ily seen. ( Fig.8) S'he axostyle 
is concentrated at the center surrounding the nucleus, and 
in man:y specimens is not well-st"' ined. I l·ifj e unable to see 
the anterior flavella in the cysts. The anterior flagella 
entirely disintegrates, and new anterior fla,~ella grm'l from 
the blepha roplgst ~~'11e:n the cyst G}it:ns. 
C~'Stf' 1~tl~ich were induced artificially in hypotonic 
solution of sodium chloride, or taken from the hamster pellets 
could be activated by t'!'Gnsfe:rrinr· them to a warm isotonic 
solution or to 0.5 per cent acueous pancreatin solution. 
The inactive spherica 1 body starts a slc>.· rrtct :ton, rotating in 
one plece. Under the microscope the rotation apnears to 
be inside the c~·st and the entire body rotates clock1tiise tcward 
the side bearing the undulating membrane. As the time :resses 
the motion becomes faster and finally the round body takes 
on the noriiJBl trophozoite shape. Even in this stage the 
motion is local, still a clockwise rotation. Only after 10 
to 12 hours, depending on the temperature, does the trophozoite 
begin its normal progressive movements. This rather inactive. 
period seems necessary for the rrrowth of the anterior flagella, 
which are the wzin kinetic or~anelles. The first structure 
activated is the undulating membr1==me, the same structure 
i~8ctivated last during cyst fornEtion. The kinetic source 
of all the locomotor or~qnelles of the flagellate appears 
to he the blepharplast. 
The cyst formation by trichomonBds in hypotonic sclution 
can besasily explained as follows: The trophozoites in a 
hypotonic environment tend to draw into spherir-:81 bodies 
according to the laws of sur~ace tension of solutions. The 
trophozoite, the~r>efore, takes the shape of a sphere, since 
that is the body having the least area ~or a ~iven volume. 
In this way the trichomonsds are prevented from hydration and 
rupture, and hence disinte~r~tion of the animBl. 
It is very difficult to demonstrate the presence of a 
cyst ~~11 in the spherical bodies described above, in stained 
preparations. Although the presence of a cyst -.;~:,'311 is 
considered to be an essential criterion for the definition 
of a protozoan cyst, we must still accept cyst formation in 
trese intestinal trichomonads, in spite of the difficulty 
of demonstrating such a wall. The reasons for this are 
largely b8 sed on epidemiologic grounds. The E> cceptance of 
cyst formation or a resistant stage will solve the pv.zzle of 
transmission of these flagellates from hamster to hamster. 
It is 1-rell kno11m thst the vegetative fcrms of these animals 
are very sensitive to deslccation. 
JJ 
Figure 8. Photomicrograph of Giemsa staine~ cysts of 
trichomonad; note marginal flagellum of undulating membrane, 
costa, nucleus and blephgroplast, X. 970 ori&:rinal. 
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The follm,ring experiments will show th?t some resistant 
stage ( cyst) exists among the intestinal trichomonads of the 
golden hamster. 
The norm..Rl habitat of the trichomonads within the gsstro-
intestinal tract is the c8ecum. I have,never found numerous 
vegetative forms in the l2rge int~stine below the caecum. 
Those in the large intestine nre transfe~red there by meens 
of the perist9ltic movements of the intestine, 2nd gradually 
become transformed into spherical bodies. 1•lhat are the facts 
which cause the transformation from the DeAr sh8pe into 
spheric'3l form? The effects of several factors, including 
the hydro,qen ion concentration, the sel t concentrAtion ( NaCl), 
and the dehydration of the environment have been studied, by 
performing the followiTI¥ experiments. ( These experiments 
were repeated more than 4 times in order to obtain reliable 
results). Either caecal contents or culture sediment Nere 
mixed vri th ti1e follovJing solutions ( see table 1). The pH 
of employed solutions 'tArss calcul2ted -.;•:ri th cresol-red and 
bromthymol-blue. The results were the S'-lme whether caecal 
contents or culture sediment were used. 
Prom the a.bove results liJe conclune that the salt 
concentr?tion is the fl'lctor that regulat·as the transformation 
of the vegetative into resistant forms. At 0.4;& NaCl t\1e 
trophozoites were slowly transformed into cysts. At concen-
trations lower t:·.an this they first formed cysts and then 
disintegrated. At concentratlons of 0.6 to 0.8% NaCl they 
remined active trophozoites. At concentrations of more than 
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Table 1. 
Shape and motility of trichomonads in relation to salt 
concentration and pH. 
Distilled water 6.6 
NaHC03 0.1/1000 solution 8.0 
NaCl 0.250 in NaHC03 0.1/1000 sol. 8.0 
NaCl 0. 456 in NaHC03 0.1/1000 sol. e,. 0 
NaCl 0.6% in NaHC03 0.1/1000 sol. 8.0 
NaCl 0.8% in NaHG03 O.l/1000 sol. 8.0 
NaCl 1% in NaHC03 O.l/1000 sol. 8.0 
NaCl 2% in NaHC03 O.l/1000 sol. B.o 
NaCl 15% in NaHC03 0.1/1000 sol. 8.0 
NaCl 0.2% in distilled water 6.6 
NaCl 0.4j'b in distilled water 6.6 
NaCl 0.6% in distilled water 6.6 
NaCl 0.8% in distilled water 6.6 
Nacl lJt in distilled Hater 6.6 
NaCl 2% in distilled water 6.6 
At first formed cysts, 
then cUsintegrated. 
At first formed cysts, 
then d1sintegrate0. 
At first formed cysts, 
then disintegrated. 
VeT'Y ~-;J_c,vly trans-
formed intc cyEts. 
Reiil9.ined active 
trophozoites. 
Reme inec~ active 
trophozoites. 
Remained trophozoites 
btlt not very active. 
Trophozoites plasmolysed. 
Trophozoites plasmolysed. 
At first formed cysts, 
then disintegrated. 
Very slowly trans~ormed 
into cysts. 
::iemained active 
trophozoites. 
~lem.ained active 
trophozoites. 
Rem~ine0 trophozoites 
bvt not very EO cti ve. 
Trophozoitcs plasmolysed. 
15t NaCl the trophozoi tes were inactive or pla smolysed. 
Fecal pellets, taken from hamsters by excitin~ the animals, 
were dissolved in modified Ringer's solution. Microscopic 
eYamination of wet smears prepared from this mixture never 
demonstrated ecti ve pear-shaped trophozoi tes, but olvmys 
revealed inactive spherical bodies. As the smears became 
warm from the electric bulb, the spherical borjes corr.menced 
to show some locel n1otili ty. After 5 hours the spherical 
bodies took the normal trophozoite form, as described_ 8bove. 
The activ?tion of these sphericPl bodies was also done 1·rith 
0.5 :;-)er cent aqueous pancreatin solution in 3 to 8 hours. 
Experiments Nere now carried out to shoTAi whether or not 
these structures are c<=•pa ble of raul tiplying. 'l'wo tubes vrere 
inoculated with the solution contained dissolved pellets, 
and incubated at 32 to 330 C. I>Iicroscopical examination 
of the sed:lrnent after 24 hours of incubc-: tion shoNed mostly 
inactive but some active trophozoites. After 48 hours and 
72 hours of incubation, examination of the sedir:.1ent showed a 
good growth. If subcultures were made from the72 hour 
culture, and incubated at the same ten.perature for 72 hours, 
hca.vy gre:wth lt>T8S observed. 
Since the cysts ~ave the ability to transform to motile 
forms and multiply, it is now of interest to -,earn how 
natural infection occurs. Your.ghamsters 1 to 4 days old 
examined by opening the ca ec8., T·rere found free of trichomonad s. 
This means that the hamsters 1':ere born free of trichomonads. 
Examination 8fter the 5th or 6th day up to the 9th fl~'J y 
revealed very he.s>vy infections. The youn~ hamsters were 
appa~rently infected by licking or ea ti:ng feces of their 
parents which contained the resistant forms. Since th€ round 
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cyst-like forms were found only above the ileum, it is probable 
that the transform tion from cyst to trophozoite occ11rs in the 
lov:er end of the ileum close to the caecum. 
Four day old hamsters were infected exp~rimentally once 
a day for J days, using dissolved pe1.lets containing only 
cysts. At the end of the third day the animals were 
sacrified and the caecal contents examined. The hamsters 
were fcund to be heavily infected. 
From the evidence given I 8m convinced th&t ttepe 
trichomonads form cysts, by means of which their t~ansmission 
takes place among the hamsters at a very eBrly P~e, from 5 
or 6 to 9 days. 
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Chapter V. 
GROWTH OF VEGE'l1ATIVE Al,:D P.ESISTANT B'CRif:S OF TR.ICHOEONADS IN VITHO 
Cultures of trichomona,:ls were prepg.red by inoculating 
suitable media with caecal contents. I•licrosccpic eii:amination 
of the sediment at the bottom of the tube, after a 24 hour 
period of incubation, demonstrated that the trichomonads 
were not abundant; but when the examination w2s repeated 
after 48 hours and again after 72 hours incub8tion, heavy 
growth of trichomonads was observed. 
'11he trichomonads that grew in vitro in the adapted 
culture media ( gastric mucin and Loeffler's dried blood serum 
both in a concentration of 0.2 per cent in modified Ringer's 
solution; 0.5 per cent Loeffler's serum in the same salt 
solution), were identified in stained smears as T. wenyoni 
and T. microti. Stained slides rr.ade from fresh, uncultured 
caecal contents showed T. muris in cons ider8.ble numbers, 
relatively few T. rninuta and T. cricetus, and also the 
culturable forms of T. wenyoni and T. microti in large 
numbers. The non-culturable trichomol18ds survived in the 
culture medium or in modified Ringer's fluid at room temper-
ature for about 7 days. At 32 to 33oc. in the incubator 
they lived less than 24 hours in the adapted culture medium, 
and did not multiply. 
T. wenyoni and T. microti are capable of growing very 
well at rcom terr1perature in priiil8ry isolations and in sub-
cultures. 
I have made no attempt to record the survival time of 
these culturable trichomoTh~ds. The ori~inPl cultures were 
carried on, however, for more than one yeer. At first 
cultures '\f.rere made every 3 days to prevent the overgrowth of 
bacteria. Later the subculturing w:Js made every 6 days. 
In maki!l..g subcultures, about 0.2 to 0.5 cc. of the 
sediment and fluid from the bottom of the culture WD.s drawn 
out with a pipet and transferred to a fresh tube of medium. 
The presence of various intestin::?l bacteria in the 
cultures of the trichomoneds did not f"reatly affect the growth 
of these flagellates. Obviously under in Yi!Q conditions 
trichomcnads live in the caecum in association with these 
microorganisms. The presence of bacteria in the culture 
will reduce the longivity of trichomonads under experimental 
conditions, because of the accumulation of waste products 
of bacterial or trichomonad origin which might have some 
toxic affects on the trichomonads, and because of the r::lO~"e 
rapid exhBustion of nutrient material in the culture medium. 
These facts are well established because trichomonads multiply 
readily in the presence of suitable amounts of antibiotics 
such as penicillin and streptomycin. Bacteria by their 
presence might also lower the pH of the medium. The hydrogen 
ion concentration, however, does not have very much influence 
upon the viability of these flagellates. The trichomonads 
have a relatively wide biokinetic rnage of hydrogen ion concen-
tration from ?.8, which is the pH of the fresh medium, to 
4.5, which is the pH after 14 days cf gro'li<rth in the incubator 
at 32-JJOC., "nd B.lso after about 22 days at room temperature. 
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T. muris, T. minuta, and T. cricetus will not grow in 
~ in the adapted cultu~e medium, because these flagellates 
have little ability to adapt thereselves to environments 
other than the caecum of their host. The culture of T. muris 
in vitro has been recorded in culture medium containing 2 per 
cent fresh rat blood serum at 37° C. ( Lamy,l942). I believe, 
however, that Lamy was working with T. hominis from rats 
( that is, T. hominis .Y;2£. muris), 8nd not \ITi th T. muris. 
Petrovi tch ( 1950) in his experiments 1iri th a T. muris-like 
flagellate from rats refe"'red to 1 t as T. intestinal is 
(=hominis) .Y.§!.· muris. There are 3 reasons why I think this 
confusion of species may have occurred. In the first place, 
T. hominis is capable of surviving and multiplying at 37oc. 
Secondly, there may have been some difficulty in interpreting 
the number of flaf?;ella, 1-vhich in T. hominis varies from 3 
to 5. Lastly, I was unsuccessful in culturing caecal con-
tents ( containing T. muris) from the hamster, in gastric 
mucin v.ri th 2 per cent fresh hamster serum at 37oc. 
Feces passed by the hamsters during excitment cont9ined 
resistant forms ( cyrts). The first pellets which were 
passed were dissolved in the modified Ringer's fluid and 
from t!:.is mixture wet smears were made to detect motile 
trichomo:nads. Specimens that lvere found free of any motile 
( vegatative) forms were then cultured. In this way the 
oulturabili,ty of the resistant forms was easily deJ:Jonstrated. 
Tlla inoculated tubes containing only round bodies 
( resist<,~nt forms) we!"e incubated at 32-33oc. After 24 hours, 
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48 hours, and 72 hours incubation, a little of the sediment 
at the bottom of the tube v-ras drawn out 'l'rith a pipette, 
placed on a slide, 3Y•.d examined for motile trichomonads. 
Heavy growth was observed after 72 hours of incubation. The 
examiiBtion of pellets in wet smears and by culture was 
repeated in more than 100 cases and always in double tubes. 
The culturability of the round bodies found in the pellets 
has a great significance from the epidemiological point of 
view, since the transmission from parents to young hanf!ters 
probably occurs by inge8tion of these cyst-like forms. 
Bacteria-free cultures of trichomon'-'rls 1·1e:re ~RFt..:red by 
adding to the culture medium penicillin G, from 10,000 to 
20,000 units per 10 cc. of culture wediu~, and streptomycin 
from 50 to 100 milligrams in the same amount of culture 
medium. The penicillin and streptomycin were always used 
together, since without streptomycin the Gram negative bacilli 
would not be killed. The inoculum was l cc. of a 72 hour 
culture. Terramycin, 1 milligram per 10 cc. of culture medium, 
was also employed with excPllent results, the inc,culum being 
0.5 cc. from a 72 hour culture. The bacteria-free cultures 
of trichomonads were free of any detectable odor, VJ!~ile the 
contaminated ones l1ad an odor characteristic of the coliform 
bacilli. The sterility was also tested by inoculating 
nutrient broth, nutrient agar plates, 8nd endose plates. In 
all these cases no growth of any kind of bacteria 1-,ras observed. 
PopuJa tion counts of the trichorr:onPds that grew in the 
adapted culture medium were rr.ade as described in the chapter 
on materials and methods. 
The trichomonad& that were present after 72 hours of 
incubation were calculated from 4,ooo,ooo to 7,000,000 per 
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10 co. of culture medium. Inocula of 0.2 co. to o.s co. 
accord1nglJ contained from 100,000 to 250,000 trichomonads. 
During the first hours of incubation the number of trichomonads 
was reduced but b7 72 hours the maximum growth was reached. 
The presence of penicillin from 78.125 units to S,OOO 
units and streptomycin from 0.39062.5 milligraliB to 25 milligrams 
appears to be favorable for the growth or trichomanads, 
probablf b7 preventing growth or some bacteria of extraneous 
origin. The bacteria accordtng to their effects on the 
culture or triohomonads, have been divided into 3 groups b7 
Pray ( 1952) : 1- those which curtailed multiplication of the 
flagellate and the life of the culture ( almost all the 
enteric bacteria, coliform bacilli, and Salmonellae}, 2-
those having a moderately inhibiting effect or rarely enhancing 
multiplication of the flagellate, but always causing some 
decrease in the life span of the culture ( Brucella !Y!!, 
Streptococcus lactis, Pseudomonas fluorescens, Alcaligenes 
fecealis, Sarcina lutea and Bacillus subtilis}, and 3- those 
prolonging the life of the culture beyond that of bacteria-
free controls ( Staph1lococous aureus, and StaphylooocCBS 
albus). The culture with penicillin and streptomycin were 
the most heavily populated. 
Anaerobic cultures were prepared using the same culture 
medium by sealing the tubes with melted paraffin, or by adding 
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0.1 per cent agar to the gastric muc1n-Loeffler 1 s dried 
blood serum to increase the density of the culture medium so 
that the amount of dissolved oxygen in the medium was decreased. 
In some cases 12 co. of culture medium were employed so that 
the bottom of the tube was far from the aerobic surface 
region. Routine examinations of the cultures were mede by 
drawing out samples from the bottom and at higher levels 
of the medium. The results obtained indicated that the 
trichomonads grew abundantly at the bottom of the tube where 
oxygen deficiency existed. In some tubes trichomonads were 
found wandering in the higher levels of the medium, but 
triohomonads were never found at the surface of the culture 
medium or a little under the surface. Growth always took 
place in the lower half of the culture medium. No heavy 
growth was obtained under strictly anaerobic conditions by 
sealing the tubes with melted paraffin. The conclusion to 
be drawn from my observations is that these trichomonads 
are facultative anaerobic organisms. 
Protozoa other than those from the caecal contents of 
golden hamster have been cultured 1n the gastric mucin 
Loeffler's dried blood serum in modified Ringer's sol~tion. 
An axenic strain of !· vaginalis provided by Dr. Pan of 
the Harvard Medical School, was successfully cultured in the 
same culture medium and under the same conditions ( Jl-JJ°C.). 
Very heavy growth was observed. Bacteria-free populations 
were obtained with 1 milligram terramycin per 10 cc. of 
culture medium. The population counts with the haemocytometer 
gave the following numbers: from 6,.500,000 to 9,000,000 per 
10 co. ot medium after 72 hours of incubation. The tricho-
monads grew abundantly at the bottom ot the tube. This 
particular strain was cultured from January to December, 19.59. 
In the gastric mucin Loeffler's dried blood serum 
dissolved in the modified Rtnger's fluid a strain of 
commercial Entamoeba terraptnae, provided by Dr. Humes, has 
also been cultured at room temperature. The culture of E. 
-
terrapipae trom turtles was begun 1n February, 19.59, and was 
carried until August, 19.59, when the cultures were discarded. 
In making subcultures 0 • .5 co. of the sediment at the bottom 
of the tube was drawn out every 6 days and placed 1n fresh 
medium. The results obtained showed that !• terrapi:pae 
from cold blooded animals ~ be easily cultured in this 
simply prepared medium. 
Entamoeba h1stolyt1ca, provided by the Boston Medical 
School Department ot Microbiolqgy, did not grow in this 
medium. 
Axenic strains of Trichomonas homin1s, provtded by 
Dr. Wenrich ot Johns Hopkins University and Dr. Diamond 
of the u.s. Department of Health and Welfare, failed to 
grow in the gastric mucin Loeffler's dried blood serum in the 
modified Ringer's fluid, although Wenrich has successfully 
carried on since 194.5 the culture of the strain 1n a very 
similar medium. The failure of ~ attempts to grow I· hom1nis 
might be due to the fact that the specimens were shipped by 
the above investigators from great distances. Durtng the 
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trip, the unravorable environmental conditions might have 
reduced their ability to grow and multiply. In one case no 
living trichomonads were found 1n the tube shipped. 
!· nominis possessing 4 anterior flagella was isol~ted 
by culturing 1n gastric mucin Loeffler's dried blood serum 
in the modified Ringer's fluid and incubated at 32-33oc. 
The stool specimen was obtained from a patient at the Peter 
Bent Brigham Hospital. The original isolation of the strain 
was made on September 6th, 1959 and it was kept in my 
laboratory for more than 3 months. The subculturing of tne 
strain was made every 4 days. 
Although 1n many instances the inocula taken from the 
caecal contents of the golden hauter contained an abundance 
of Entamoeba sp., probably~· muria and Giardia sp. ( G. 
muris ?), no growth of these organisms was observed. 
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Chapter VI. 
RESISTANCE TO PHYSICAL AND CHEMICAL AGENTS. 
Ageing.- The survival of trichomonad& is evidently 
dependent on many factors, especially those involving bacteria, 
type of medium, temperature, and desiccation. !· wepyon1 
from the hamster has been kept by Wenrich ( 1949) for 5 
years and 5 months in the test tube by adding nutrients 
periodically. The growth appeared to be more luxuriant 1n 
contaminated cultures. Some cultures survived from 7 to 22 
days at room temperature, while others died 1n less than 
6 days. 
Bacteria-free trichomonads from the intestine of golden 
hamster, 1n modified Ringer's solution ~ith gastric mucin and 
dried blood serum, survived from 10 to 14 days at 32-JJOC., 
while at room temperature the flagellates survived and were 
successfully subcultured after 18 to 22 days. 
Deaiooation.- The triohomanads survived 1n semi-dry 
feces at least 4 to 5 days without any nutrient material. 
Complete drying killed them instantaneously. The absence 
of water thus very effectively influences the viability of 
the vegetative forms of trichomanads. 
Temperature.- The trichomonads were cultured at room 
temperature ( 18 to 2ooc.). Survival at room temperature was 
partly dependent on the extent of bacterial growth. At lower 
temperatures bacteriostasis is 1n effect. The type of media 
and the associated bacteria thus influence the viability of 
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of trichomonads. At 37°C., the trichomonads did not grow, 
and within 24 hours or less died. When 10 co. of culture 
medium were kept for 20 minutes at 4ooc., and then trans-
ferred at 32-))°C., the trichomonads survived and multiplied. 
( For the method of determtntng thermal death point, see 
chapter I. ) • 
The effectiveness of low temperatures was tested. A 
10 co. culture, incubated for 72 hours, was kept 1n the 
refrigerator at soc. for 5 days. The tricpomanads were 
still alive and capable of growth when transplanted into 
fresh culture medium. The trichomonads after the 5th day 
took a spherical shape. They were cultured 1n the 6th day of 
chilling, but no growth was observed. 
A dead hamster was kept for 15 days 1n the refrigerator 
at soc. At autopsy, very active flagellates were found 1n 
its caecum. When the autopsied hamster was returned to a 
refrigerator at -soc., for 24 hours, the trichomoneds became 
spherical and incapable of growth. 
Thermal death time.- High temperatures are definitely 
lethal for these trichomanads. They survived at 4ooc. and 
50°C. , but they died 1n approximately at 660C. 
Ultraviolet and Roentgen rays.- Sun light has no 
triohomanadieidal effect, if the flagellates are kept in the 
proper environment and the temperature is less than S6°C. 
A mixed 10 oc. culture of !· wepyon1 and !· microti, 
after incubation for 72 hours, was exposed to x-rays for 20 
minutes. The dose of 2,000r ( dose rate lOOr/mtnute, with 
145 k.v.p; 6.4 m.a. settings) did not kill the flagellates. 
In subculture the flagellates gave luxuriant growth. 
Contaminated cultures were exposed to germicidal ultra-
violet light ( density of light more than 100 milliwatts/ 
foot2). Motility was observed for one hour and successful 
subcultures were obtained up to 45 minutes, after the 
beginning of irradiation. Three hours exposure to such light 
killed these flagellates. 
Apparently the intestinal trichomonads of the golden 
hamster are fairly resistant to ultraviolet light and more 
so to x-ray'BJ. 
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Chemicals.- Experimental studies of the trichomonadicidal 
effect of various substances have some value as a check on 
therapeutic proposals. It is very difficult to accept test 
tube results as the sole criteria for a satisfactory 
therapeutic agent. Many other factors enter into the 
selection of intestinal tract medications. A laboratory 
'evaluation, however, provides useful data and facilitates 
in l1!g chemotherapy. 
Equal parts of a mixed culture of !· wenyoni and T. 
microti and various antiseptics were combined on slides. 
The flagellates at first lost their motility. Then after 
30 to 60 seconds they withdrew into spherical bodies which 
finally disintegrated. 
The following compounds stopped the motility of the 
flagellates in approximately 0 to 30 seconds: Lugol 1 s 
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solution 1:100; Lysol 1:500; potassium permanganate,l:4,ooo; 
alcohol 1:5; Zephiran 1;400; silver nitrate 1:50; and mercuric 
chloride 0.1 per cent solution. 
The following substances inactivated the trichomonads 
tn about 1 to 3 minutes: distilled water; copper sulfate 
0.1 per cent solution; sodium bicarbonate 1:1000 solution; 
sodium hydroxide 0.1 per cent and 1 normal; lN hydrochloric 
acid; and sodium chloride 15 per cent. 
Carbarsone, Chiniofon, Phenoth1aztne, aureomycin, 
terrarQYcin, streptomycin, chloromycetin, and penicillin were 
also used. The growth-inhibiting action of these substances 
will be discussed 1n detail 1n the following chapter on 
chemotherapy. 
Effect of pH.- The triohomonads under consideration 
norw~lly live 1n the caecum, but they have been also observed 
1n the small intestine, stomach, oesophagus, and the large 
intestine. They multiplf only 1n the caecum, which is their 
normal habitat. The pH of the caecal contents was found to 
be slightly alkaline with the colorimetric method. 
At a pH above 8 and below 4.5 with a 0.6 per cent 
sodium chloride solution ( which is an almost isotonic 
solution), the trichomonad& survived but could not be 
successfully subcultured. The optimum pH appeared to be 
6.2 to 8. The hydrogen ion concentration evidently does not 
greatly influence the viability of these flagellates. The 
follow1Dg experiment was undertaken to demonstrate that the 
salt concentration ( osmotic pressure) is the main factor that 
regulates the viability of these animals and not the hydrogen 
ion concentration. A pB, ot 8 was achieved by dissolving 0.1 
gram of sodium bicarbonate 1n 1,000 co. distilled water. 
From this solution various concentrations of sodium chloride 
were prepared. The concentrations employed were: 0.2%, 
0.4%, 0.6%, 0.8%, 1%, and 2%. The triehomonads tn the first 
two concentrations and 1n the last one were inactivated. 
In the middle concentrations they remained active and 
capable of growth in artificial culture media. After this 
experiment sodium chloride solutions were prepared 1n 
distilled water which had a pH of 6.6. The same results 
were obtained as with pH 8. Finally the salt concentration 
was kept constant and the pH was changed by adding O.lN 
hydrochloric acid. Below pH 4.5 the tr1chomonads did not 
survive, probably because of the acidity. Between 4.5 and 
8 the regulating factors seemed to be the salt concentration. 
At a pH above 8, obtained b7 addtng 0.1 gram/1000 NaHCOJ, 
the tr1chomonads did not survive. 
Chapter VII. 
1!, VITRO CHEMOTHERAPY 
The methods of the 1a vitro experiments of chemotherapy 
have been described 1n considerable detail 1n the chapter of 
materials and methods. In this part of the thesis I intend 
to give only the results obtained from these experiments. 
The experiments were designed to study the effect of 
certain chemotherapeutic agents 1n preventing growth and 
mu~tiplication of !· wepyoni and !· microti, those tricho-
monads which were culturable 1n the adapted medium. 'I'he 
isolations were made from caecal contents of the golden 
hamster. It was hoped by so doing it could be determined 
whether or not the chemotherapeutic agents employed 1n these 
experiments exerted a trichomonadicidal effect. 
In making 1n vitro tests with oul tures oonte.minated 
with intestinal bacteria, I believe that conditions probably 
are more nearly parallel to those 1n the intestinal tract. 
When a trichomonadicidal drug is given ln !1!2 by mouth, it 
acts 1n a similar environment tnhabited by many species of 
bacteria. In some cases, as with Carbarsone, sufficient 
comparative tests have been made ,m .!.!!.£ and !,!l vitro to 
determine the correlation existing between the iQ vitro and 
1n vi YO dosages. 
The inoculum 1n all tests was 1 cc. of a 72 hour culture, 
with about 300,000to 400,000 trichomonads in each inoculum. 
Examination of the culture after inoculation but before 
incubation showed about 5 to 10 ( ++ 1n the tables) 
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trichomonad& per microscopic field under low power. 
The results that have been obtained are tabulated as 
follows: 
'fable 2. 
Results of adding verytng amounts of penicillin and 
streptomycin to freshly inoculated cultures with a mixed 
population of !• wepyoni and !• Jicroti. 
Penicillin 1n Streptomycin 1n Results after 
Tube no. lmits per 10 mg. per 10 cc 
oc. of medium medium 2'4 hrs. 48 hrs. 
1 20,000 100 +++* ++++* 
2 10,000 .50 ++* ++++* 
3 .5~000 2.5 +++ ++++ 
4 2~.500 12 • .5 +++ ++++ g 1,2.50 6.2.5 +++ ++++ 62.5 3.12.5 +++ ++++ 
1 312 • .5 1 • .562.5 +++ ++++ 
8 1.56.2.5 0.7812.5 +++ ++++ 
9 78.12.5 0.39062.5 +++ ++++ 
10 control control +++ ++++ 
- meal'18 no trichomonad& present 
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72 hrs. 
+++++* 
+++++* 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
+++++ 
± means less than one trichomonad per microscopic field under low 
- power 
+ means one to five trichomonads per microscopic f~d under 
low power 
++ means five to ten trichomonad& per microscopic field under 
low power 
+++ means ten to twenty trichomonad& per microscopic field 
under low power 
++++ means twenty to thirty trichomonads per microscopic 
field under low power 
+++++ means more than thirty trichomanads per microscopic 
field under low power and considered as heavy growth. 
* means bacteria-gree cultures. 
ln Table 2 the results of tests using penicillin and 
streptomycin are recorded. Table 2 shows that at the end of 
24, 48, and 72 hours of incubation no trichomonadicidal effect 
was exerted by the used antibiotics. In the first two tubes 
the concentration of the antibiotics permitted the develop-
ment of bacteria-free cultures. The concentrations employed 
did not exert any trichomanadicidal effect. 
Controversial opinions have been recorded in the 
literature on the trichomanadic1dal effect of various 
antibiotics ( Kleeberg and Birnaum, 1950, Shaffer and 
B1egeleisen, 1951, Greene, 1952, Seneca and Ides, 1953, 
Hosoya, Soeda, Komatsu, Okada and Hara, 1953, Deon and 
Mortclmans, 1955). 
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Table 3. 
Results of adding varying amounts of chloromycetin to 
freshly inoculated cultures with a mixed population of !· 
wenzoni and !· microt1. 
Tube no. 
1 
2 
3 
4 
~ 
7 
8 
9 
10 
Chloromycetin 
in mg. per 10 
cc. of medium 
125 
62.5 
31.25 
15.625 
7.8125 
3.90625 
1.953125 
0.9765625 
0.48828125 
control 
Results after 
24 hours 
+ 
+++ 
+++ 
+++ 
48 hours 
-
+ 
-++++ 
++++ 
++++ 
72 hours 
-
+++++ 
+++++ 
+++++ 
For explanation of symbols see foot notes in Table 2. 
The results tabulated 1n Table 3 show that under these 
canditians concentrations ot 3.90625 milligrams of chloro-
mycet1n per 10 co. ot medium resulted 1n complete disappear-
ance within 24 hours or all trichomonads 1n~ed wlth the 
inoculum and that 1.9531125 milligram per 10 cc. of medium 
greatly reduced the numbers of triohomonads 1n 24 hours with 
complete disappearance within 48 hours. Lower concentrations 
did not prevent the growth and multiplication of the tricho-
monads. In tubes showing + or ± direct readings, there were 
to be seen some motile triohomonads which were destined to 
disintegrate as later examinations demonstrated. Subcultures 
made from such tubes did not show growth. There were no 
motile trichomonads to be seen in the tubes giving a negative 
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direct reading. Some ovoid vacuolated structures were 
observed which were probably remnants of disintegrated 
trophozoites. These ovoid bodies did not grow when trans-
ferred to fresh ~ulture medium and incubated for 24, 48, and 
72 hours. 
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Table 4. 
Results of adding varying amounts of terramycin to 
freshly inoculated cultures with a mixed population of !· 
wenyoni and !· mieroti. 
Tube no. 
l 
2 
~ g 
7 
8 
9 
10 
Terramycin 
in mg. per 10 co. 
of medium 
50 
25 
12.,5 
6.2,5 
3.125 
1.5625 
0.78125 
0.390625 
0.1953125 
control 
Results after 
24 hours 48 hours 72 hours 
-
-
-
+ 
-+++ 
+++ 
+++ 
++ 
-
-
++++ 
++++ 
++++ 
++++ 
-
+++++ 
+++++ 
+++++ 
+++++ 
For explanation of symbols see foot notes in Tab1e 2. 
In Table 4 are recorded the results of tests using 
terramycin. A concentration of 3.125 milligrams of 
terramycin per 10 eo. of medium completely prevented within 
24 hours the growth and multiplication of !· wenyoni and 
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!· mioroti; a concentration of 1.5625 milligrams per 10 eo. 
of medium greatly reduced the numbers of triehomonads within 
24 hours, with complete disappearance occurring in 48 hours. 
Lower concentrations of terramycin did not prevent the 
growth and multiplication of triohomonads and of bacteria. 
Table .5. 
Results of adding varying amounts of aureomycin to 
freshly inoculated cultures with a mixed population of !· 
wenxoni and !· microti. 
Aureomycin 1n 
'l'ube no. mg. per 10 cc. 
of medium 
1 .50 
2 2.5 
3 12 • .5 
4 6.2.5 
~ 3.12.5 1.5625 
7 0.7812.5 
8 0.39062.5 
9 0.19.5312.5 
10 control 
For explanation of symbols 
Results after 
24 hours 48 hours 72 hours 
-
± 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
see foot notes in Table 2. 
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The results recorded 1n Table .5 show that 3.12.5 milligrams 
of aureomycin per 10 cc. of medium resulted in complete 
disappearance of trichomonads within 24 hours and that 
1 • .562.5 milligrams per 10 cc. of medium greatly reduced the 
number of trichomonads in 24 hours with complete disappear-
ance occurring 1'11. thin 48 hours. Concentrations of less than 
0.7812.5 milligrams of aureomycin per 10 co. of medium did 
not influence the growth and the multiplication of the 
trichomonad&. Comparing the results obtained with terramycin 
and aureomycin it is obvious that both antibiotics have 
identical trichomonadioidal effects. 
Table 6. 
Results of adding varying amounts of Carbarsone to 
freshly inoculated cultures with a mixed population of!· 
wenyon1 and !· microti. 
Carbarsone in 
Tube no. mg. per 10 cc. 
of medium 
1 125 
2 62.5 
3 31.25 
4 15.625 g 7.81125 3.90625 
b 1.953125 0.97«55625 
9 0.48828125 
10 control 
Results after 
24 hours 48 hours 72 hours 
-
;I; 
+ ± 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
For explanation of symbols see foot notes in Table 2. 
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In Table 6 are recorded the results of the~ vitro 
chemotherapy using Carbarsone ( para-carbamino-phenyl-arsonic 
acid). The resula tabulated show that a concentration of 
7.8125 milligrams of Carbarsone per 10 cc. of medium resulted 
in complete disappearance of all trichomonads w1 thin 24 hours; 
3.90625 milligrams per 10 co. of medium greatly reduced the 
numbers of trichomonads within 24 hours, with complete dis-
appearance occurring within 48 hours; 1.953125 milligrams per 
10 co. of medium caused considerable reduction of triohomonads 
within 24 hours, greatly reduced the number of triohomonads 
within 48 hours, and eliminated them completely within 72 hours. 
Very small amounts of this drug did not influence the growth 
and multiplication of the trichomonads that are under 
consideration. The results obtained with Carbarsone agree 
with those recorded in the literature ( Gabaldon, 1935,1936) 
from time.to time, mostly concerning!· hominis and 
Entamoeba histolYtioa ( Reed, Anderson, David and Leake,l9J2). 
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Table 7. 
Results of adding varytng amounts of Chiniofon to 
freshly inoculated cultures with a mixed population of !· 
wenyoni and !· microti. 
Tube no. 
1 
2 
J 
4 
~ 
7 
8 
9 
10 
Chiniofon m 
mg. per 10 co. 
of medium 
100 
50 
2.5 
12 • .5 
6.2.5 
:3.12.5 
1 • .562.5 
0.7812.5 
0.:39062.5 
control 
Results atter 
24 hours 48 hours 72 hours 
-
+ 
-+ + ± 
-
+++ ++++ +++++ 
+++ ++++ +++++ 
++ ++++ +++++ 
For explanation of symbols see foot notes in Table 2. 
The results recorded tn Table 7 show that 6.2.5 milli-
grams of Chiniofon per 10 co. of medium caused complete 
destruction of the triohomonads within 24 hours; :3.12.5 
milligrams per 10 co. of medium greatly reduced the numbers 
of trichomonads within 24 hours, with complete disappearance 
occurring withtn 48 hours; and 1 • .562.5 milligrams per 10 cc. 
62 
of medium produced a moderate reduction w~ thin 24 hours, a 
marked reduction within 48 hours, and complete disappearance 
within 72 hours. Experiments with Chiniofon with approximately 
the same results have been recorded in the literature ( Nelson 
and Tatum, 19:38; Jones, 1947). Very low concentrations of 
the drug did not affect the growth and multiplication of the 
trichomonad&. 
Table 8. 
Results of adding varying amounts of copper sulfate to 
freshly inoculated cultures with a mixed population of !· 
wenyon1 and !· mioroti. 
Tube no 
Copper sulfate tn Results after 
mg. per 10 co. 
of medium 24 hours 48 hours 72 hours 
1 100 
2 50 
' 
25 
12.5 
5 6.25 
6 3.125 
7 1.5625 
8 0.7812) ± 9 0.390625 + ± 
10 control +++ ++++ +++++ 
For explanation of symbols see foot notes in Table 2. 
The results tabulated 1n Table 8 show that a concen-
tration of 1.562) milligrams of copper sulfate per 10 co. 
of medium resulted tn complete disappearance of the tricho-
monad& within 24 hours; 0.78125 milligrams per 10 co. of 
medium greatly reduced the number of trichomonad& within 24 
hours, with complete disappearance occurring w1th1n 48 hours; 
and 0.390625 milligrams produced a moderate reduction within 
24 hours, a marked reduction within 48 hours, and complete 
disappeara11ce withtn 72 hours. Only the tenth tube ( control) 
showed growth and multiplication. The in vitro results of 
copper sulfate encourage the use of this substance for in 
vivo chemotherapy. The low dose of the chemical avoids toxic 
effects on the animals and its low price makes it available 
to all kinds of pockets. 
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Table 9. 
Results of adding varying amounts of Phenothiazine to 
freshly inoculated cultures with a mixed population of !· 
wenyoni and !· microt1. 
Tube no. 
1 
2 
'3 
4 
5 
6 
7 
8 
9 
10 
Phenothiazine tn 
grams per 10 co. 
of medium 
5 
2.5 
1.25 
o.625 
0.3125 
0.15625 
0.078125 
0.0390625 
0.01953125 
control 
Results after 
24 hours 48 hours 72 hours 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
+++ ++++ +++++ 
++ +++ +++++ 
For explanation of symbols see foot notes in Table 2. 
In Table 9 are recorded the·resu1ts of tests Ja vitro 
using Phenothiazine. The results tabulated show that the 
concentrations tested did not have any trichomonadicidal 
effect. The trichomonads grew and multiplied abundantly in the 
ten tubes. Phenothiazine is a drug insoluble in water and 
it precipitates at the bottom of the culture tubes. The 
presence of the Phenothiazine precipitate perhaps favored 
the multiplication of tr1chomonads because it increased the 
anaerobic conditions, and probably because it provided a 
turbid environment like that of the caecum. 
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Chapter VIII. 
D! .YlY£ CHEIY!OTHEBAPY 
A series of papers have already appeared 1n the literature 
which demonstrates that a high protein diet is unfavorable 
for the growth, multiplication and maintenance of tricho-
monads ( Hull and Rettger, 1917, Cannon,l921, Ratcli~fe, 
1928, Hegner,l92J,l924,1933, Hegner and Andrews,l925, Hegner 
and Eskr1dge,l935,1937, Wantland Johansen,l954). The action 
of one type of alkyl resorcinol has been shown to be 
tr1ehomonadic1dal ( Ratclitfe,l929a). Viscous diet reduces 
the number of trichomonads ( H~er,l935). Copper sulfate 
is sometimes used as a trichomonadicide ( Hegner,l935, 
Jaquette,l948). Carbarsone dissolved 1n 1 per cent NaHCOJ 
solution is an excellent drug against all kinds of Protozoa, 
and currently is being used as an amoebicide and tricho-
monadicide ( Trussel,l947, Faust,l954). Controversial 
opinions exist on the trichomanadicidal activity of Pheno-
thiazine, Chiniofon, Vioform ( Faust,l9S4), aureomycin, 
terramycin, trichomycin, sulfamides ( Petrovitoh,l950), 
chloromyoetin, and magnamycin. 
ln the present thesis experiments are presented to 
establish the curative dose of Carbarsone for trichomonad 
infections in the golden hamster. With several other 
substances ( Phenothiazine, copper sulfate, Chiniofon, 
Vioform, terramycin, and aureomycin) 1n .!1!2 chemotherapy 
has been also carried out. When these drugs were tested, 
only Carbarsone was found to have satisfactory trichomonad -
icidal activity. 
A. Action of Carbarsone ( per .Q§.) on the intestinal 
trichomonads of the golden hamster. 
Carbarsone is readily dissolved in 1 per cent solution 
of NaHC03. In this way it can be easily administered per .2.1. 
by means of an oesophageal catheter, or by substituting it 
for drinking water. In my experiments the drug was also 
administered mixed ~ Purina chow powder. The Carbarsone 
in NaHC03 solution was injected either subcutaneously or 
intraperitoneally or both. 
1. Two per cent Carbarsone solution in 1 per cent 
NaHC03 instead of drinking water. 
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A measured' quantity of fresh solution was placed in the 
drinking bottles. Twenty-four hours later the remaining 
liquid in the bottles was measured and was substracted from 
the original volume to determine tbe amount used by the 
animal. Th~ concentration of Carbarsone was 20 milligrams 
per co. of liquid. The amount of liquid consumed in cc. 
multiplied by 20 gives the daily drug consumed in milligrams. 
Three experiments using 7 animals were performed. All groups 
received the same concentration of drug, with only the period 
of medication varying. Before being treated, these hamsters 
were examined for trichomanads ( see introduction) and found 
to be infected. The animals of the first group w·ere killed 
at the end of the 5th day of medication, and the caecal con-
tents when examined microscopically were found positive for 
trichomonads. In the animals of the second group killed at 
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the end of the lOth day of medication, microscopical examination 
of the caecal contents showed slight infection ( reduced 
number of trichomonad& in the caecum). The animals of the 
Jrd group were killed at the end of the 15th day of medication 
and microscopical examination of the caecal contents showed 
no trichomonads. 
These experiments showed that the hamsters that ingested 
average doses of Carbarsone of from 20 to ,40 milligrams ( or 
180 to 400 milligrams per kilogram of body weight) per day 
for 15 consecutive days were negative for trichomonads. 
Animals that ingested less than 20 milligrams per day and all 
the controls remained positive. This method of adminiarattng 
the drug may not be accurate, because liquid may have dripped 
from the drinking bottles or because some animals would 
occasionally not drink the alkaline liquid. The method is 
very useful, however, 1n treating large colonies of 
experimental animals. 
2. Carbarsone 1n Purim chow powder. 
The drug was mixed 1n wet Purina chow, 1000 milligrams 
per 100 grams of chow, and this mixture was fed to hamsters 
for 10 consecutive days. At the end of the treatment the 
food remaining was carefully we~ghed and substracted from 
the original amount. In this way the quantity of drug 
consumed in milligrams was easily calculated. The amount of 
Carbarsone ingested per day was found to be from 16.25 to 
25 milligrams. This method of administrating the drug is 
convenient but not very accurate. All the hamsters that 
received a daily dose of 16.25 milligrams or mo~e were found 
to be free of intestinal trichomonad&. 
3. Two per cent Carbarsone 1n 1 per cent NaHC03 solution 
.administered orally by means of an oesophageal 
catheter. 
With this technique the effective dose of the drug has 
been accurately determined. A series of experiments l'Ja s made 
in which each hamster received a known amount of Carbarsone 
in relation to its body weight. Four groups of 10 hamsters 
were used ( see Table 10). Each hamster each morning 
received for 5 consecutive days a dose of Carbarsone 1n 
milligrams per kilogram or body weight varying from 117.6 
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to 266.6. Forty-eight hours after the end of the treatment 
the hamsters were killed and their caecal contents were 
examined microscopically 1n direct wet smears for trichomonads. 
In doubtful readings the coprooul ture method of diagnosis 
was applied. 
Tables 10, 11, and 12 record the results of the above 
experiments. 
69 
Table 10. 
Results of administrating 2 per cent solution of 
Carbarsone with an oesophaseal catheter for 5 consecutive days. 
No. of 
hamsters 
2 
5 
3 
4 
5 
6 
3 
2 
4 
6 
Daily dose Daily dose No, of rourxla:l 
Body weight in per Kg. B. W m 1r.l.olx>manads pr 
1n grams milligrams milligrams lo; parer f1eli 
100 
140 
131 
160 
150 
130 
170 
160 
110 
130 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
200 
142.8 
153.4 
125.0 
133.0 
153.4 
117.6 
125.0 
181.8 
158.3 
1-2 
-
1-4 
1-2 
1-3 
------------------------------------------- ----------· 
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"" Table 11. 
Results of administrating 2 per cent Carbarsone solution 
with an oesophageal catheter for 10 consecutive days. 
Daily dose Daily dose No. of rotllded. 
No. of Body weight 1n per Kg.B. W :m trkhomor.a:ts Jer 
hamster in grams milligrams milligrams low JD111!1Jr nt!tld 
1 110 20 181.8 
2 140 20 142.8 
3 150 20 133.3 
4 120 20 166.6 
5 145 20 137.9 
6 131 20 153.4 
7 122 20 163.9 
8 125 20 160.0 
9 160 20 125.0 1-2* 
10 100 20 200.0 
*When these were cultured, no multiplication was observed. 
Table 12. 
Results of administrating Carbarsone with an oesophageal 
catheter, the dose of 24 milligrams daily being given in 8 
milligrams doses at 40 minute intervals. 
Daily dose Daily dose io. ot rou:nded 
No. of Body weight in per Kg.B. Wm triohomomds per 
hamster in grams milligrams milligrams lc. power t.leld 
1 140 24 171.4 
2 120 24 200.0 
3 130 24 184.6 
-
4 115 24 208.6 
5 95 24 252.6 
6 90 24 266.6 -died* 
7 125 24 192.0 
8 160 24 150.0 
9 100 24 240.0 
10 110 24 218.0 
*The animal was found dead in the cage at the end of the 5th 
day of treatment. 
The results that have been r·ecorded in Tables 10, 11, 
and 12 show that hamsters that received 153.4-200 milligrams 
per kilogram of body weight per day of treatment in a period 
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of five days were free of trichomonads. Lower doses, as little 
as 133 milligrams per kilogram of body weight, are effective, 
if the period of treatment is extended. to 10 or more days. 
Carbarsone administered for an extended period of time 
is harmful to the hamsters. All such animls that were 
autopsied had an enlarged caecum, twice or three times the 
normal size of the untreated animals, and the intestinal wall 
appeared hemorrhagic. The dilatation of the caecum and the 
gathering of the food is due to the lack of the intestinal 
peristaltic movement. A group of 10 animals was treated for 
more than 20 days. Three of them died after the 15th day 
and the others lost from 10 to 20 grams body weight. This 
means that the hamsters are extremely resistant to high doses 
of Carbarsone, but the prolonged administration of the drug 
is deleterious to the animals. No other toxic effects, 
72 
even when 350 to 400 milligrams or the drug, were administered, 
have been observed. 
B. Action of 2 per cent Carbarsone solution subcu-
taneously. 
Under experimental conditions in the laboratory it is 
necessary to determine whether the drug is more effective 
when given in the food or 1n the water or by any d;her route. 
Ease of administration is another point of vital importance. 
It is, as a rule, much better for a drug to be administered 
subcutaneously than intravenously ( which in the veterinary 
practice is technically more difficult and certainly more 
time consuming). It is quite useless to suggest for poultry 
a drug which requires repeated oral dosing, or to suggest a 
water-insoluble drug for hamsters, because these are very 
difficult to administer. 
Gabaldon ( 1936) demonstrated 1n his experiments with rats 
that subcutaneous Carbarsone, 200 milligrams or more per 
kilogram or body weight tn a period or five days, brought 
complete destruction ot the tntestinal trichomonads. Having 
in mind these facts that gover.n the effectiveness or a drug 
and the results or Gabaldon, I administered Carbarsone in 
10 hamsters subcutaneously for 5 consecutive days. The 
results are recorded in the Table 13. 
Table 13. 
Action ot Carbarsone administered subcutaneousl7. 
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Daily dose Results after 5 
No. of Body weight Daily dose per Kg.B.W. consecutive ders 
hamster in grams 1n mg. in~· or treatment 
1 140 20 142.8 Infected 
2 150 20 133.3 Infected 
3 131 20 153.4 Infected 
4 160 20 125.0 Infected 
5 130 20 158.3 Infected 
6 100 20 200.0 Infected 
7 105 20 190.4 Infected 
8 90 20 222.2 Infected 
9 100 20 200.0 Infected 
10 120 20 166.6 lllfected 
The hamster number 8 showed at the end of the fifth day 
a diarrhoea such as that seen tn sick ~nimals w1 th wet tail. 
From Table 13 the conclusion is obvious, that carbarsone 
subcutaneously did not eradicate the intestinal trichomonads. 
A slight destruction or the trichomonads seems apparent, 
however, since the number or trichomonads found in the caecal 
contents of treated animals was relatively low, while the 
number of trichomonads found in the caecal contents of tb'ca 
control animals was very large. The caeca of all autopsied 
animals were conspicuously dilated. 
Since Carbarsone showed some trichomonadicidal action 
subcutaneously, I thought that, if the drug is administered 
intraperitoneally, it would be absorbed rapidly through the 
intestinal wall into the lumen, resulting 1n better tricho-
monadicidal action. The drug was given to 10 hamsters 1n 
quantities of 125 to 220 milligrams per kilogram of body 
weight per day for five consecutive days. These experiments 
were similar 1n every detail to those in Table 13 with only 
one exception, !·~· the route of administration. The animals 
were killed 48 hours _after the treatment, and their caecal 
contents were examined microscopically. All the animals 
remained positive for trichomonad&. These experiments proved 
that Carbarsone is trichomonadioidal when found in an 
optimal concentration 1n contact with the flagellates. 
c. Single dose per .2!. of Carbarsone accompanied by a 
single dose subcutaneously. 
Prolonged administration of Carbarsone is deleterious to 
the animl 1 s intestine and probably to the liver. Having 
observed this harmful effect, it was necessary to know 
whether a single dose per .2!,, accompanied b~ a dose parep.t-
erally, would completely eradicate the infection with less 
effect on the intestine than 1n the previous experiment 
( see Table 13). 
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To two groups of 10 hamsters each, which had been kept 
for 15 hours on a water diet, 2 per cent Ca.rbarsone was 
given both orally and parenterally. Half of the an1mls 
were killed 24 hours after the administration of the drug; 
the other group 48 hours later. The results are given 1n 
the Table 14. 
Table 14. 
Action of Carbarsone administered orally and subcutan-
eously. 
Group Group Body Dose~. Dose per Results 
75 
I. II. weight 
in grams 
Dose per 
.Q.[ in mg. 
per day 
1n mg. Kg.B. w. after 
per day in mg. 2·1.t--48hrls. 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 
110 
100 
100 
150 
140 
110 
140 
120 
125 
140 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
363.6 No No 
4oo.o No No 
400.0 No No 
266.6 No?* No 
285.7 No?* No 
363.6 No No 
285.7 lb?* No 
333.3 Jie'?lf No 
320.0 Nc11lt No 
285. 7 No?ll' No 
* No? means that very few trichomonads in the rGUDded 
stage were present. ( These were destined to die before 
48 hours). 
The results tabulated 1n Table 14 show that 363.6-400 
milligrams of Carbarsone per kilogram of body weight per day 
completely eradicate the intestinal trichomonads, and that 
lower doses are trichomonadicidal after 48 hours. Animals 
receiving less than 363.6 milligrams and killed 24 hours 
after the administration of the drug showed some degenerate 
trichomanads in their caecal contents. In the second group 
the animals were treated as in group I, but the second group 
was killed 48 hours after the administration of the drug. 
All these animals were free or the intestinal trichomonads. 
The second experiment indicates that the drug remained in the 
intestine more than 24 hours and possibly up to.48 hours, and 
caused complete destruction of the trichomonp.ds. The caeca 
of the animals that received a single dose of Carbarsone 
were found to be normal. 
It was necessary to perform the following experiment to 
proV'e that the drug remained in the eaecum of the aniDBls at 
least 48 hours. Pifteen hamsters were treated with a single 
dose per 2l and subcutaneously with 2 per cent Carbarsone 
solution. This experiment was a review of that indicated in 
Table 14. 
The animals after the treatment were divided tnto 3 
groups. The hamaters were examined culturally according to 
the technique that I mentioned in the introduction of the 
thesis. The three groups were then infected with the 
eulturable trichomonads. The animals were given 1 cc. of the 
culture by means of an oesophaseal catheter. The animals that 
were infected 24 hours after the Carbarsone treatment ( group 
I), were killed 48 hours after the infection and found free 
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of any kind of trichomonads. The second group, infected 48 
hours after the treatm~nt, was killed 48 hours after the 
infection. No trichomonad& were found in the caecum of these 
animals. The third group, infected 72 hours after the treat-
ment, was also killed 48 hours after the infection. 
Culturable trichomonads were found in the caecUm of these 
animals. This showed tl:e t the drug remained in the caecal 
contents at least 48 hours. The effect of the Carbarsone 
apparently disappears after 72 hours, since culturable 
trichomonads could be demonstrated then. 
D. Action of substances other than Carbarsone. 
Sine e the experiments were identical w1 th those involving 
Carbarsone, the description of the experiments will be 
omitted, and only the results g.1ven. 
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Table 15. 
Experimental chemotherapy of intestinal trichomoniasis 
with substances other than Carbarsone over a period of 10 days. 
No. or 
hamsters 
10 
25 
B.W. Sub-
in gm. stance 
Daily 
dose 
per 
Kg.B.W. 
in I\!• 
130 Vioform 615.8 
Given 
dose 
daily 
1n ag. 
80 
140 Chinio- 1071.4 150 
fon 
Route 
In 
lUrlm 
chow 
per 
os* 
Post-
treat-
ment Obser-
ata:il. fJIIUD. vat i on• 
& autx>J:.a Y 
Animals 
constip-
ated 
Infec- Diarrhea 
ted 
20 150 Pheno- 1000.0 150 In Infec-
17 
l~ 
10 
thiazme Rl:r!na ted 
chow 
145 copper 103.4 
sulfate 
lOS terra- 190.4 
mycin 
125 aureo-
mycin 
160.0 
15 
20 
20 
Drml£-
il'lg 
water 
per 
os* 
per 
os• 
Infec-
ted 
Infec-
ted 
Animals 
lost 
weight 
-
*The drug was administered by means of an oesophageal catheter. 
Analysis of the results tabulated in Table 15 show that 
Vioform and copper sulfate possess trichomonadicidal action, 
but both chemicals are harmful to the hamsters. Vioform 
causes constipation in the animals, and copper sulfate 
depresses the whole body with loss of body weight and degen-
eration of the liver. 
The n~ative results obtained with Chiniofon confirm the 
results reported by Wantland and Johansen ( 1954) and disprove 
other results reported by other ~vestigators ( Nelson and 
Tatum,l938). Phenothiazine, as reported by Panetsos ( 1954), 
eradicated the trichomonads 1n the upper and lower digestive 
tract of chickens and other domestic birds. In my 
experiments Phenothiazine was found to have no effect on the 
intestinal trichomonads of the golden hamster. It is very 
difficult to explain the trichomonadicidal action of this 
drug 1n chickens. Phenothiazine even !n vitro will not kill 
the trichomonads from the golden hamster. Terramycin and 
aureomycin have destructive effect !n vitro on the tricho-
monads, but !a~ are harmless. This emphasizes the. 
different !g !!!2 and in vitro effects. 
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Chapter IX. 
PATHOGENICITY 
According to the present conception of parasitologists, 
~. foetus and !· gallipae are undoubtedly pathogenic for 
their hosts. The question of the pathogenicity of other 
species, such as Trichomonas hominis ( A•!•) and tricho-
monads from lower animals, has not yet been decided. !· 
hominis has been accused.of causing diarrhoea and dysentery. 
It has been reported from a number of diarrhoeic patients 
and hence is considered particularly pathogenic. Cases of 
persons infected with this flagellate who had never 
exhibited any symptoms of diarrhoea have been described 
( Hegner,l92S). The habit of this trichomonad of ingesting 
erythrocytes ( Chatterjee,l917, Kofoid-Swezy,l923, 
Pentimall1,1923, Kessel,l92S) has also been advanced as 
evidence of pathogenicity, but experiments by Hegner ( 1928) 
have proved that many types of trichomonads ingest erythro-
cytes and that these are accepted for food just as are 
bacteria and other food particles. The writer observed 1n 
wet smears that intestinal trichomonads from hamsters and 
~. vaginal~ tngestederythrocytes. According to Wenyon 
( 1920) and Lynch ( 1932) !· hominis is capable of invading 
the tissues of the intestinal wall and the intestinal glands. 
Wenyon ( 1926) reported that !· caviae has also the ability 
to invade loose tissues of the intestinal wall. The invasion 
of tissues is an indication of pathogenicity ( Wenyon,l920), 
but Lynch believes that the invasion is post mortem and hence 
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there is no pathogenicity durtng the life of the host. The 
pathogenicity of ~. yaginalis is also uncertain ( Hegner ~ 
al.,l9J8). Trichomonas vaginalis is reported to be present 
when the vaginal membranes are in an abnormal condition, and 
when the pH of the vaginal mucus is in the acid side. Vaginal 
trichomoniasis is usually a self-terminating infestation. 
As far as the pathogenicity of the intestinal trichomonad& 
of the golden hamster is concerned, no case of diarrhoea, due 
to trichomonads, has been reported from hamsters. 
I autopsied hamsters which died following diarrhoea. In 
many cases the condition was fulminating and the stools were 
dysenteric. Examination of the diarrhoeic and dysenteric 
stools showed active trichomonads. The autopsy of several 
freshly killed hamsters revealed the following findings: 
the abdominal and intestinal vessels were dilated and the 
intestinal epithelium was haemorrhagia. In diarrhoeic animals 
the trichomonads found in the caecum were not as numerous as 
1n the healthy animals. In some hamsters with heavy diarrhoeic 
symptoms no trichomonad& were present in their caecum. The 
diarrhoeic disease commonly known as wet tail is commonly 
observed in laboratories, but the real causative agent is not 
at the present known. Trichomonads seem not to be involved 
in wet tail. Further investigation of this disease will be 
necessary to discover the pathogenic agent. 
The pathogenicity of !· wenygn1 and !· microti from the 
intestine of hamsters has been tested. A 10 cc. culture 
incubated for 72 hours, containing about 6,500,000 tricho-
monads, was mixed with 20 co. modified Ringer's fluid and 20 
co. sterilized milk. The total amount of 50 co. was swallowed 
by the author on September 6, 1959, and no digestive abnor-
malities were felt subsequently. After ) days daily direct 
examinations of stools were made for 10 days, but no tricho-
monads were revealed. The coproculture method was also 
employed to demonstrate trichomonads. Two tubes with gastric 
mucin and Loeffler's dried blood serum in modified Ringer's 
fluid, on the same 10 days of the direct stool examinations, 
were inoculated and incubated at 31-32oc. for a 72-hour 
period. Microscopic examination of the sediment at the bottom 
of the tube showed trichomonads indicating that the tricho-
monads were present in the author's intestine. Subcultures 
from the original 10 tubes showed heavy growth of the species 
of flagellates that had been swallowed. 
These results indicate that the swallowed trichomonads 
are capable of adapting themselves to environments other 
than the rodent's caecum and fl0urish in the new environment. 
Trichomonas wenzoni and !• microti becau.e of their ability 
to infect man possibly may confuse clinical laboratory 
determinations. In such cases the parasitologist must ask 
for the occupation of the patient, to see whether the latter 
had any connection with taking care of laboratory rodents. 
It may be concluded on the basis of these observations 
that these species of trichomonads are not pathogenic for 
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man even though infestation occurs, or for the hamsters, 
even though these flagellates may be present in their caeca 
1n enormous numbers. 
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CONCLUSIONS 
The following species of Trichomonas, found in the 
caecum of the golden hamster, were reviewed: Trichomonas 
muris, !· wenyoni, !· microti, !· minuta, and!· cricetus. 
Among the culture media which w·ere employed, the most 
successful results were obtained with 0.2 per cent gastric 
mucin-Loeffler•s dried blood serum in a slight modification 
of Drbohlav's modified Ringer's solution. 
Trichomonas microti and !· wenyon1 multiplied readily 
in the modified culture medium at 31-33°C.,and at room 
temperature. 
The round bodies ( cysts) found in the feces of the 
hamsters were capable of growth in the modified medium at 
32-33°C. 
Protozoa other than!· microti and T. wenxon1 were 
successfully cultured in the modified culture medium 
( !· vaginalis and !· hom1n1s with 4 anterior flagella at 
32-JJOC, and Entamoeba terrap1nae at room temperature). 
Two useful methods of obtaining population counts were 
described ( ordinary haemocytometer chamber and a modificaticn 
of the method employed by Zavoiski,l9.54). 
Among the stain techniques employed, Giemsa's stain 
after fixation in methyl alcohol was found to be the most 
simple. Smears fixed in methyl alcohol for 20 minutes and 
stained with Giemsa 1 s stain for 2 hours were excellent 
preparations for the study of the flagella, costa, axostyle, 
chromatic ring, nucleus, blepharoplast, and metachromario 
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granules of the triohomoneds. 
The margiml flagellum of the undulating membrane . 
appears to be composed of two flagella. The costa, also, 
is composed of two thin flagella, with a lamellated 
appearance. The chromatic ring is granular. The anterior 
flagella of !· wenyoni and !· minuta end ln a knob-like 
spherical structure. 
Reproduction was studied using an axenic strain of 
!· vaginalis. The observations agree with the reports of 
' Kuczynski ( 1914) and Wenrich ( 1921). 
Bacteria-free cultures of trichomoneds were assured 
by adding to the culture medium penicillin G, from 10,000 
to 20,000 units per 10 eo. of culture medium, and strepto-
mycin from 50 to 100 milligrams in the same amount of 
medium. Penicillin and streptomycin were always used 
together. Terramycin, 1 milligram per 10 oc. of culture 
medium, was also employed with excellent results. 
The cul turable trichomonads from the· intestine of the· 
golden hamster are facultative anaerobic organisms. 
Cyst formation was artificially induced in vegetative 
forms using hypotonic solutions of sodium chloride. These 
cysts and those found 1n the hamster pellets were activated 
by transferring them to a warm place or by using 0.5 per 
cent aqueous pancreatin solution. 
It was found that the salt concentration reguls.tes the 
transformation of the vegetative into the resistant forms 
( cysts). 
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The transmission of the intestinal trichomonad& among 
hamsters occurs by way of resistant forms ( cysts) at a very 
early age, from S or 6 to 9 days. 
The cultures survived from 6 to 22 days at room temP-
erature, without adding nutrients to the original culture 
medium. 
Cultures incubated for 72 hours were kept 1n the 
refrigerator at soc. for 5 days. The trichomonad& were 
still alive and capable of growth when transplanted into 
a fresh culture medium. In cultures kept in a refrigerator 
at -soc. for 24 hours, the trichomonad& became spherical 
and incapable of growth. 
High temperatures are lethal for these trichomanads. 
Trichomonads which were kept at 56oc. and then transferred 
to a fresh culture medium were incapable of growth. 
The intestinal trichomonads of the golden hamster are 
fairly resistant to ultraviolet light, of 45 minutes 
exposure, and more so to X-rays. A dose of 2,000r of X-rays 
for 20 minutes did not effect the triohomonads. 
The trichomonad& remained active 1n a salt ( NaCl) 
concentration of 0.6 to 1 per cant. These flagellates 
disintegrated in a salt concentration less than 0.6 per cent 
or more that 2 per cent. 
The optimum pHfor the survival of these tr1ohomonads 
was found to be from 6.2 to 8. 
Penicillin, 20,000 units, and streptomycin, 100 milli-
grams per 10 oc. of culture medium, did not exert any 
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triohomonadicidal effect. 
Chloromyoettn in a concentration of 3.90625 milligrams 
or more per 10 oc. of culture medium completely prevented 
the mul tiplica.tion of these flagellates. 
Terramycin in a concentration of 3.125 milligrams or 
more per 10 oc. of culture medium brought complete destruct~ 
of the flagellates. Identical results were obtained with 
aureomycin. 
Carbarsone 7.8215 milligrams per 10 cc. of culture medium 
resulted 1n complete disappearance of all trichomonad& within 
24 hours; 3· 90625 milligrams per 10 cc. of DB!i um brought 
complete destruction of the triohomonads within 48 hours. 
Chiniofon 6.25 milligrams per 10 co. of culture medium 
caused complete destruction of the trichomonads within 24 
hours; 3.125 milligrams caused complete destruction of the 
triohomonads within 48 hours; and 1.5625 milligrams pro-
duced complete disappearance of the trichomonad& within 72 
hours. 
Copper sulfate in a concentration as little as 
0.78125 milligrams per +o co. of culture medium resulted in 
complete disappearance of the trichomonads vtithin 48 hours. 
Phenothiazine, 5 grams per 10 cc. of culture medium, 
showed no trichomonadioidal activity. The triohomonads 
multiplied in the presence of Phenothiazine. 
1n !1!2 experiments were carried out with 2 per cent 
Carbarsone in 1 per cent of NaHC03 solution. Two per cent 
Carbarsone was given to the hS.msters instead of drinking 
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water for 15 days. The animals treated were found to be 
free of trichomonad&. Carbarsone in Purina chow powder, 
1,000 milligrams per 100 grams of chow, was given to 
hamsters. .All animals that received a daily dose of 16.25 
milligrams or more for 10 consecutive days were found to be 
free of the intestinal trichomonads. 
Carbarsone 153.4-200 milligrams per kilogram of body 
weight for 5 consecutive days, administered by means of an 
oesophageal catheter, brought complete eradication of the 
intestinal trichomonads. 
Two per cent Carbarsone subcutaneously and intra-
peritoneally did not eradicate the trichomonads. 
Carbarsone administered orally and subcutaneously, in 
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a dose of 285.7 milligrams or more per kilogram of body weight 
per day, completely eradicated the intestinal trichomonad& 
within 48 hours. A single dose of 363.6-400 milligrams of 
Carbarsone per kilogram of body weight per day brought 
complete destruction of the intestinal trichomonad& within 
24 hours. 
Carbarsone remained in the animal's intestine at least 
48 hours. The hamsters are extremely resistant to high doses 
of Carbarsone, but the prolonged administration of the drug 
is deleterious to the animals. Toxic effects, such as 
dilatation of the caecum aDd petechiae on the intestinal 
epithelium, have been observed. 
The best results, with less toxic effect, were obtained 
when Carbarsone was given to the animals in a single dose 
orally and subcutaneously. 
Chiniofon, Phenothiazine, terramycin, and aureomycin 
were found to have n.o trichomonadicidal action ,m !.!!.2.· 
Vioform and copper sulfate showed triohomonadicidal effect, 
but both substances were harmful to the animals. 
Triehomonads seem not to be involved in the diarrhoeic 
condition ( wet tail) of the golden hamster. 
The author swallowed a 10 co. culture 1ncubated for 
72 hours, containing !· microti and !· wenyoni. No digestive 
abnormalities were felt subsequently. The trichomonads 
swallowed were successfully cultured from the feces after 
the 3rd day. 
These trichomonads are not pathogenic for man or for 
hamsters. 
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ABSTRACT 
Several culture media were tested. The trichomonads 
. multiplied only in gastric muc1n-Loeffler's dried blood 
serum dissolved in a slight modification of Drbohlav•s 
modified Rtnger 1 s solution. 
Among the species of intestinal tr1chomonads of the 
golden hamster that were studied only !· m1croti and T. 
weuxoni grew in the artificial culture medium. 
Several techniques of determining whether or not the 
hamsters were infected With trichomonads, methods of 
obtaining population counts, and several staining methods 
were presented. 
Protozoa other than ~. microti and !· wenyoni were 
successfully cultured in the modified culture medium. 
Bacteria-free cultures of trichomonads were assured by 
adding to the culture medium penicillin and streptomycin 
in combination, and also terramycin. 
Cysts induced artificially and those found in the 
animal~ feces were activated by placing them in a warm place 
or by using aqueous pancreatin solution. These cysts 
mul t1plied in the modified culture medium. 
The resistance of the intestinal trichomonads of the 
golden hamster to physical and chemical agents was discussed. 
Many antiseptics, ultraviolet light, high temperatures and 
low temperatures are lethal for the trichomonads. The 
trichomonads are resistant to X-rays. Hypotonic or hyper-
tonic solutions of sodium chloride are destructive for these 
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triohomonads. 
Experiments ~vitro, with penicillin, streptomycin, 
terramycin, aureomycin, ahloromycetin, Carbarsone, Chiniofon, 
copper sulfate, Phenothiazine were described. 
Experiments !a l1!g, with Carbarsone, Chinifon, 
Phenothiazine, copper sulfate, Vioform, terramycin, and 
aureomycin were described. Carbarsone showed the best 
trichomonadicidal action per ~· 
The hamsters are extremely resistant to high doses 
of Carbarsone. Prolonged administration of Carbarsone is 
harmful to animals. 
The pathogenicity of the intestinal triohomonads of 
the golden hamster was examined. These trichomonads are 
not pa thogenio for man or for the ha meters. The author 
swallowed a mixed culture of !· mioroti and T. wepyon1, 
but no digestive abnormalities were observed subsequently. 
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